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GENERAL INTRODUCTION 
The house fly. Mu sea domestica L. (Diptera: Muscidae), occurs 
ubiquitously in large densities thoughout the world. Its close 
association with human dwellings and livestock facilities have made it 
among the best known of fly species. These habits in combination with the 
house fly's capacity for disease transmission (Greenberg, 1973) have made 
it of medical and veterinary concern. The house fly has been implicated 
in the transmission and spread of a wide variety of human and animal 
pathogens (Sacca, 1964; Greenberg, 1973; Keiding, 1976). 
The house fly is an endopterygote insect and thus has complete 
metamorphosis accompanied by a pupal instar. The wings develop internally 
and the larval structure and habits differ from adults. After hatching 
from an egg, an individual passes through three larval instars, forms a 
sclerotized puparium and develops to the adult. At field temperatures 
(ca. 20-25° C), one day is required for egg hatch, 5-9 days for larval 
maturation, 6-11 days for adult development within the puparium and 3-6 
days for a female to mature a batch of eggs (Larsen and Thomsen, 1940). 
Generation time is thus a temperature-dependent 14-27 dgys. 
Larvae mature and feed in decaying organic matter, animal excrement 
and spilled, fermenting animal feed. The growth of individuals occurs 
during the larval stage and is dependent upon the quality of larval 
breeding material. There is a strong negative correlation between adult 
size and larval density in the laboratory and field (Haupt and Busvine, 
1968; Black and Krafsur, 1986a). The number of eggs produced by females 
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is correlated with size and varies greatly within seasons (Black and 
Krafsur, 1956a). 
House flies are iteroparous, undergoing successive cycles of egg 
development and oviposition, the frequency of which is temperature 
dependent (Elvin and Krafsur, 1984). In temperate regions, house flies 
overwinter as small, slowly breeding colonies in livestock facilities 
(Krafsur, 1985; Black and Krafsur, 1986b). These flies establish 
populations outdoors in spring. In early spring, populations consist 
primarily of older, parous (i.e., having matured and laid at least one egg 
batch) adults that have clearly bred indoors. In spring, females are 
large and very fecund. The average spring female oviposits 120-130 eggs 
per oviposition (Black and Krafsur, 1986a). Consequently, populations 
increase rapidly in early summer, and continuous oscillations in the age 
structure of adult populations occur during the breeding season (Krafsur 
et al., 1985). Stable age distributions were not detected (Krafsur, 
1985). 
The Distribution of House Flies Worldwide 
Patton (1932, 1933, 1936, 1937) originally described 60 species in 
the genus Musca. This number has been reduced recently to 26 species 
sensu stricto (Greenberg, 1971). The Musca domestica species complex 
consists of five subspecies; domestica s.s., vicinia Macquart, nebulo 
Fabricus, cal1eva Walker (synonymous with cuthbertsoni Patton) and 
curviforceps Sacca and Rivosecchi. M. domestica s.s. enjoys a 
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cosmopolitan distribution. The five subspecies occur in desert and 
Ethiopian regions. 
The subspecies domestica, vicinia and nebulo are distinguished on the 
basis of pigmentation and frons width (Sacca, 1964, 1957). Both 
characters were shown to be greatly influenced by temperature and crowding 
in the larval environment (Sacca, 1964). Paterson (1956, 1964, 1975) 
concluded after comparing field and museum specimens that frons width and 
pigmentation overlap continuously among the three subspecies. Sacca 
(1964) showed the three subspecies to be completely interfertile and 
concluded that the three forms of the house fly should be referred to as 
the "domestica dine." 
M. domestica cal leva is distinguished morphologically from the 
domestica dine on the basis of thoracic bristle number and size, and 
shape of abdominal tergites. It is distinguished behaviorally on the 
oasis of strong positive phototropism and exophily (preferring to perch 
outdoors). ^ ^  cal leva hybridizes with the domesti ca dine in northern 
(Sacca, 1964) and southern Africa (Paterson, 1956, 1963). Furthermore, 
Sacca (1967) demonstrated that calleva reverts to the domestica dine in 
12 generations in the laboratory. 
M. d. curviforceps is distinguished morphologically on the basis of 
the shape of the male genitalia and the fifth abdominal sternite. In 
contrast with calleva, it is an endophilic form (preferring to perch 
indoors) which shows strong negative phototropism. Hybrids of 
curviforceps and the domestica dine are found in western Africa 
(Paterson, 1956, 1963). On the basis of behavior and geographic 
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distribution, cal leva and curviforceps were predicted to hybridize rarely 
in the field (Sacca, 1964). However, Hulley (1979) demonstrated a large 
amount of hybridization in the field and laboratory. 
Johnson and Wagoner (1975) examined mating and fertility in house fly 
strains from six locations world wide (North Dakota, Florida, Texas, South 
Africa and Australia). They found slight reductions in fertility when 
some strains were crossed. The reductions were statistically significant 
but their experiments were not replicated and fertility was determined by 
egg hatch and adult emergence in mass crosses rather than in individuals. 
They noted that African males in laboratory cages were less likely to mate 
with females of other strains. Otherwise, strains were competely 
interfertile. 
In summary, morphological characters vary among house flies of 
different geographic origins. Most characters (e.g. size, frons width, 
pigmentation) appear to be environmentally correlated. Little or no 
reproductive isolation exists among populations of flies with different 
morphologies or geographic origins. The house fly in its various forms is 
a cosmopolitan species. 
Genetic Variation in The House Fly 
The house fly is genetically one of the best studied animal species 
(Milani, 197b for review). Milani (1967) reported ca. 130 distinct 
spontaneous mutations in the house fly affecting body color, eye color, 
bristle number and location, eye shape and width, tarsal numbers and 
lengths, and wing shape, venation and size. Included are homeotic 
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mutants, antennapaedia, an'stopaedia and abdominal leys. A wide array of 
genes conferring insecticide resistance have been identified (Plapp, 1984 
for review). Gynandromorphs and mitotic recombination have also been 
reported (Rubini et al., 1980). Many of these mutations have been mapped 
to specific chromosomes (Hiroyoshi, 1961; Wagoner, 1967). Chromosomal 
inversions have not been found in house fly populations (McDonald and 
Overland, 1974; McDonald et al., 1975). 
The mechanism of sex determination is heterogeneous in natural house 
fly populations (Milani, 1971). The house fly has six pairs of 
metacentric chromosomes. The karyotype usually consists of five pairs of 
autosomes and a pair of sex determining heterosomes (XY Males, XX Females) 
(Boyes and Naylor, 1962). However, flies have been captured in Japan 
(Inoue and Hiryoshi, 1982), Australia and Florida (Wagoner, 1969) in which 
both sexes have two X chromosomes. These flies have male determining 
alleles on chromosomes 1 (Inoue and Hiryoshi, 1982), 2,3,5 (Wagoner, 1969) 
and a female determining allele (F) on chromosome 4 dominantly epistatic 
to any combination of the male determining alleles (McDonald et al., 
1978). Sex ratios in these strains are 1:1 because females are 
heterozygous for F. But the F allele is absent in heterosomic strains and 
consequently only males are produced when females from heterosomic 
populations are crossed with males from the F strains. 
Both sex determining mechanisms coexist in populations. McDonald and 
Overland (1974) and McDonald et al. (1975) measured the frequencies of 
males with the male determining allele on chromosome 3 in house flies 
representative of North Dakota, Texas and Florida populations. The 
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frequencies ranged from 0.8% in North Dakota populations to 10.4% in Texas 
and were fixed in the Florida populations. All of these males had two X 
chromosomes. Inoue and Hiryoshi (1982) reported that the frequency of 
heterosomic flies is decreasing in Japanese populations. 
It is often stated that the cosmopolitan distribution of the house 
fly and the diversity of fermenting habitats which it colonizes suggest 
that the species is greatly adaptive. But such claims have been made 
without a critical assessment of genetic variability in natural 
populations. Black and Krafsur {1985a) estimated electrophoretically 
detectable genetic variation in house flies. We examined 51 loci 
distributed among 26 enzyme systems and found 40% of loci to be 
polymorphic. Observed and expected heterozygosities (Nei, 1975) measured 
at 33 loci were 0.0981 and 0.1148 respectively. The heterozygosity was 
less than that reported in Drosophila spp. but equal to that in other 
Diptera excluding Drosophila (Graur, 1985). 
Phenotypic Variability in the House Fly 
The house fly exhibits a great deal of phenotypic plasticity in size 
and fecundity. As previously discussed, extensive variability has led to 
the designation of several morphological variants as subspecies. Several 
attempts have been made to stu^y the adaptive significance of size 
variability in the house fly. To stuc^y geographic adaptation, Bryant 
(1977) and Bryant and Turner (1978) measured 14 morphometric characters in 
house flies from widely separated locations throughout the United States. 
Principal component analysis on correlations among characters identified 
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bo4y size as the major source of variation among flies. Variance 
components of size among geographic locations accounted for 27% of the 
total variance. Bryant (1977) reported an equivalent amount of variation 
among flies sampled on different dates at a single location. He concluded 
that "...changes within and among years at one locality parallel in 
magnitude and direction the total observed geographic variation of this 
species in the United States." Bryant nevertheless interpreted size as an 
adaptation to latitude, altitude, and season and concluded that house 
flies "genetically track" environmental variation. 
Black and Krafsur {1985b) studied seasonal and spatial sources of 
size variation in the house fly in Ames, Iowa. We sampled flies on six 
sampling dates from July until October 1982. In 1983, house flies were 
collected from six farms on 8 sampling dates from May until November. All 
farms were within a 25 km radius. Ten females were randomly selected from 
each sample, and headwidths measured as a convenient index of body size. 
We partitioned the variance in headwidth into spatial, seasonal and yearly 
components. To simulate Bryant's experimental design we nested locations 
within dates to confound location and date effects and this accounted for 
12.4% of the total variance in headwidths. Geograpnical variation 
accounted for 16.5% of the total variance in headwidths in Bryant (1977) 
and 12.2% in Bryant and Turner (1978). These percentages fell well within 
confidence intervals obtained in our work. There was as much variation 
among house flies at farms throughout the summer in Ames as among 57 
locations across the entire country in Bryant's studies. The similarities 
in variance components in our stuc^y and Bryant's suggest that their 
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geographic variances were confounded with seasonal effects. Ignoring a 
large interaction between spatial and temporal sources of variation led 
Bryant to consider geographical variation as prima facie evidence of 
adaptation. 
House flies exhibit phenotypic plasticity in size and fecundity, but 
most research suggests that larval density and temperatures primarily 
determine adult size, fecundity and coloration. This has been repeatedly 
shown in the laboratory (Sokal and Sullivan, 1963; Sullivan and Sokal, 
1963, 1965; Bhalla and Sokal, 1964; Sacca, 1967; Haupt and Busvine, 1968; 
Taylor and Sokal, 1976; Black and Krafsur, 1986a). Black and Krafsur 
(1986a) suggested that this was also true in field populations. Seasonal 
changes in adult house fly size and fecundity in Ames paralleled 
presumptive larval densities. 
In summary, house flies show a cosmopolitan distribution and 
populations throughout the world are interfertile. The house fly 
demonstrates a wide variety of visible mutations, genes for insecticide 
resistance and polymorphic allozyme loci. Genetic variability at allozyme 
loci, however, is no greater than other Diptera. House flies are 
phenotypically variable in size, color, and shape. Most studies of these 
characters have shown them to be primarily governed by the larval 
environment. 
Breeding Structure 
Breeding structure is the pattern of gene flow in natural 
populations. Breeding structure is governed by patterns of mating within 
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subpopulations and the amount of gene flow among subpopulations. Breeding 
structure is typically manifest as deviations from Har^y-Weinberg 
expectations within subpopulations and significant variance in allele 
frequencies among subpopulations. In species which occur in great 
densities and consist of highly mobile individuals (e.g.. Monarch 
butterflies, Danaus plexippus L. (Eanes and Koehn, 1978), American eels, 
Anguilla rostrata (Williams et al., 1973)), breeding structure is minimal. 
Gamete combinations occur at random and genotypic frequencies approximate 
Hardy-Weinberg equilibria. Gene flow among populations is continuous. In 
contrast, breeding structure can be great in species which are sparsely 
distributed and have small migration rates (e.g., perennial herbs, Liatrus 
cylindracea (Schall and Levin, 1976), brown snails. Helix aspera (Selander 
and Kaufman, 1975), and Yanomama Indians (Neel and Ward, 1972)). 
The assumption that breeding structure is temporally stable has been 
implicit in most studies of natural populations. But many populations 
undergo severe periodic fluctuations in density which can strongly 
influence breeding structure (Eanes and Koehn, 1978). Temporal 
fluctuations in breeding structure are of importance in both theoretical 
and applied contexts. A basic requirement of Wright's (1931) shifting 
balance theory is that populations be temporarily isolated in order to 
explore adaptive landscapes. This "exploration" is followed by a phase of 
mass selection in which populations which have reached higher fitness 
peaks disperse and draw adjacent populations to the same peak. Knowledge 
of when populations are most and least isolated reproductively has 
practical applications in preserving genetic diversity in rare and 
10 
endangered species (Templeton, 1980). Such knowledge may also be helpful 
in determining optimal times for releasing genetically manipulated pest 
species into field populations (Whitten and Foster, 1975; Cook, 1981). 
The house fly is a good species for studying how seasonal changes in 
population density affect the breeding structure of populations. In 
temperate regions, house fly populations undergo tremendous reductions in 
winter and dramatic increases in spring. Continuous oscillations in 
density and age structure often occur throughout the subsequent breeding 
season (Krafsur et al., 1985; Krafsur, 1985). 
The purpose of n\y dissertation research was to determine if seasonal 
fluctuations in density affect breeding structure. This was accomplished 
by following fluctuations in the breeding structure of house fly 
populations in and around Ames, Iowa over a two year period. I measured 
allelic and genotypic frequencies in flies captured at six farms 
throughout two summers and winters. The farms differed in the quality of 
larval breeding resources, thus presenting the possibility of local 
adaptation. Wright's (1978) hierarchical F-statistics were used to 
describe breeding structure and were plotted by date to illustrate how 
breeding structure changed through time. 
Explanation of Dissertation Format 
This dissertation contains three sections each reviewing a different 
phase of research on seasonal changes in the breeding structure of house 
flies. The first section describes research in the summer and fall of 
1982 using young adult female flies. Allele frequencies were sampled in 
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young flies to reduce confounding effects of migration. We were able to 
test for differentiation among flies produced at farms and determine 
whether this differentiation remained constant through time. In this way, 
we tested for local adaptation. 
The second section presents research on breeding structure in 1983. 
Allele frequencies were estimated in four adult age classes and both 
sexes. We sought to determine if allele frequencies were homogeneously 
distributed among sexes and among old and young adults. We explored how 
seasonal breeding structure is affected by the age of adults sampled. 
Section three describes research on the breeding structure of winter 
house fly populations. Breeding structure was evaluated as populations 
became confined indoors in late fall and in spring as populations 
colonized resources outdoors. Allelic and genotypic frequencies were 
surveyed in indoor populations to examine a hypothesis of adaptation 
during winter. 
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SECTION I. TEMPORAL AND SPATIAL TRENDS IN ALLOZYME FREQUENCIES IN 
HOUSE FLY POPULATIONS 
13 
INTRODUCTION 
I report here the results of work on the spatial and temporal 
variation in gene frequencies in house flies (Musca domestica L.) sampled 
at five farms in central Iowa. Flies were sampled from farms that 
differed qualitatively in the breeding resources they offered reproducing 
fly populations, thus presenting the possibility of local adaptation. 
Gene frequencies were surveyed in flies of the youngest adult age group. 
These best represented flies which had matured at each farm. Hypotheses 
were tested that gene frequencies at six loci were homogeneous among flies 
emerging at different farms and that frequencies remained constant through 
time. 
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MATERIALS AND METHODS 
Field Procedures 
Adult house flies were captured with sweep nets at five farms near 
Ames, Iowa (Figure 1), that included a beef cattle farm, a swine farrowing 
facility, a dairy farm, a sheep farm, and a pork confinement unit. House 
fly larvae utilized for resources the dung and spilled feed. 
Flies were collected for electrophoresis and age grading on six 
sampling occasions, from early July until mid-October, 1982. In each 
collection, adults were captured with sweep nets, placed in cages, 
returned alive uo the laboratory, frozen, and stored at -70 ^C. Later, 
female flies were brought individually to room temperature, dissected in 
0.75% saline and age graded. 
The relative densities of male and female house flies at the 
different farms were monitored on white can sticky traps. Traps consisted 
of coffee cans painted white and secured on posts. Plastic bags coated 
with Tacky Trap^ diluted with petroleum ether were placed over the cans 
and allowed to capture flies for 1 to 2 hours. Estimates of densities at 
the various farms were standardized by converting fly numbers to a 
trap-hour basis. Sampling was done two or three times weekly, for a sum 
of 30 samples extending from 1 June to 16 October. 
Age Grading 
Gonotrophic age was determined by examining the degree of ovarian 
developrent according to criteria developed for house flies (Krafsur et 
al., 1985). Three age groups were recognized. 
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1 km 
5.4 km 
AMES 
0.7 km 
2.9 km 
0,2 km 
A - Beef Nutrition Farm, B - Swine Farrowing Sheds, C - Dairy Farm, 
D - Sheep Farm, E - Pork Production Farm 
Figure 1. Relative locations of the five farms surrounding Ames, 
Iowa 
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Flies in the youngest age class were recognized by the lack of yolk 
deposition in their ovaries. These females were 0 to 3 days old at 21^ 
(Trepte, 1979) and are termed "previtellogenic nullipars". The next 
oldest age group consisted of females in which yolk occupied up to 66% of 
the developing eggs, but whose ovaries showed no signs of an earlier 
oviposition. These females were ca. 3 to 5 days old and are termed 
"vitellogenic nullipars". Samples of the youngest age class were desired 
for electrophoresis, but vitellogenic nullipara were included because of 
the small percentage (16%) of previtellogenics generally present in 
samples. Ovarioles in the third and oldest age group exhibited signs of 
previous ovipositions (Krafsur et al., 1985). These "parous" females 
were at least 6 days old and were included in age structure 
determinations, but not included in the electrophoresis samples. 
For age structure indices, the proportions previtellogenic were 
calculated by dividing the number of previtellogenic flies by the combined 
numbers of previtellogenic, nulliparous and parous flies. The proportions 
parous were calculated by dividing the numbers parous by the numbers of 
nulliparous and parous. 
Electrophoretic Procedures 
For each sampling date and location, 50 previtellogenic and 
vitellogenic nullipars (i.e., flies 0-5 days old) were examined 
electrophoretically. After age grading, nullipars were put directly into 
grinding buffer and frozen. Electrophoretic methods were described in 
Black and Krafsur (1984, 1985a). Genotypes of flies were determined at 
six loci: Alcohol Dehydrogenase (Adh), Amylase + (fast) (Amy), Glutamate 
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Oxaloacetate Transaminase (Got), Octanol Dehydrogenase (Odh), 
Phosphoglucomutase (Pgm), and Superoxide Dismutase (Sod). We found 26 
alleles distributed among the 5 loci. Sod was the only diallelic locus. 
Electrophoretic assays were made on a total of 1500 females representing 
30 collections. 
Analysis of Data 
"Linkdis" (Black and Krafsur, 1985b) was used to calculate linkage 
disequilibrium coefficients and check for significance. "Genestats" (Black 
and Krafsur, 1985c) was used to calculate allele frequencies and perform 
chi-square tests. Chi-square tests for significant departures from random 
mating and Wright's F-statistics were estimated in "Genestats" according 
to the methods of Weir and Cockerham (1985). Contingency chi-square tests 
on allele frequencies were computed following Workman and Niswander 
(1970). 
Wright's (1978) hierarchical analysis of breeding structure for a 
subdivided population was used to identify sources of spatial 
differentiation in gene frequencies. In the analysis, sampling units are 
grouped into subpopulations according to their relative distances from one 
another. Farms (F) were the sampling units. They were grouped into 
subpopulations (S), which formed the total population (T). Farms were 
grouped into subpopulations according to their relative proximities 
(Figure 1). The swine farrowing facility and dairy farm constituted a 
subpopulation, the southern pork and sheep farms formed a second and the 
beef farm was treated as a third. 
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Three variance components were calculated. The variance in allele 
frequencies among farms (Fpj) is a function of the variance in allele 
frequencies among subpopulations (F^j) and the variance in allele 
frequencies among adjacent farms in subpopulations The three 
statistics are related by the equation, 
""ft ^ ""sT ""FS " (^ST ^ Fps)' 
Where flies are completely panmictic, all F-statistics are zero. When 
flies produced at farms are differentiated by selection or genetic drift, 
then allele frequencies within the same subpopulation will be 
heterogeneous and Fpg < Fgy. If flies produced within subpopulations are 
panmictic and subpopulations are differentiated because of distance, local 
selection pressures, barriers to mating, etc., then F^j < Fpg. 
Correlation coefficients between allele frequencies and house fly 
densities were calculated by using SAS (1982). These coefficients were 
converted to a normalized scale with Fisher's z-transformation. 
Chi-square tests for the homogeneity of z-values were computed following 
the procedure in Sokal and Rohlf (1969). A mean z-value of all possible 
correlations was calculated and back-transformed to estimate a common 
correlation. 
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RESULTS 
Temporal Variation in Fly Density and Age Structure 
Seasonal trends in fly densities were essentially similar at the five 
farms (Figures 2 and 3). Correlation coefficients betweai fly densities 
2 at all pairs of farms were homogeneous (X = 4.88, df= 5, P = 0.43) and 
statistically significant (common correlation = 0.53, P < 0.001). The 
proportions of previtellogenic and parous flies are given by sampling date 
in Table 1 and by location in Table 2. The proportions of parous flies 
(PP) were homogeneous among farms on each sampling date. The proportions 
of previtellogenic flies (PPV) were not homogeneous among farms on four of 
the six sampling dates. The heterogeneity in PPV probably can be 
attributed to the relative proximity of collection sites to larval 
breeding sites. The greatest PPV were consistently found at the sheep and 
pork farms (Table 2). At the sheep farm, flies were collected indoors 
from walls above the moist straw, manure and spilled food in which larvae 
develop. At the pork farm, flies were collected outdoors in pig pens 
where manure and spilled food accumulated. 
House fly age structures fluctuated significantly by date of 
sampling, as in earner studies (Krafsur, 1985). The homogeneity in PP 
among farms, and the positive correlations in density among farms suggest 
that broadly similar schedules of mortality and natality were obtained 
among the house fly populations. 
o—o Swine 
o—• Sheep - Pork 
140 160 180 200 220 240 260 280 300 
June July Aug Sept Oct 
Julian Date 
Figure 2. Three day moving average log flies per trap-hour at Swine 
farrowing sheds and the Sheep and Pork farms combined 
o—o Dairy 
•—® Beef 
e 
140 160 180 200 220 240 260 280 300 
June July Aug Sept Oct 
Julian Date 
Figure 3. Three day moving average log flies per trap-hour at Dairy 
and Beef nutrition farms 
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Table 1. Proportions of previtellogenic and parous flies according to 
sampling dates. Chi-square statistics test for homogeneity 
among five farms 
Date Previtellogenic X2 
(4 df) 
Parous X2 
(4 df) 
July 6 114/516 (22.1%) **• 49.0 266/402 (66.2%) 2.5 
July 19 119/436 (27.3%) ** 20.4 186/317 (58.7%) 5.7 
Aug. 2 123/511 (24.1%) 5.7 261/388 (67.3%) 6.1 
Aug. 19 119/305 (39.0%) * 9.5 55/186 (29.6%) 6.5 
Sept. 13 120/384 (31.2%) *** 26.5 134/264 (50.8%) 4.4 
Oct. 12 139/318 (43.7%) *** 64.6 68/179 (38.0%) 6.2 
Tests for seasonal homogeneity among: 
Previtellogenics (5 d.f.) = 66.3*** 
Parous X (5 d.f.) = 116.9 *** 
**P < 0.05. 
***P ^ 0.01. 
P < 0.001. 
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Table 2. Proportions of previtellogenic and parous flies according to 
sampling location. Chi-square statistics test for homogeneity 
among six sampling dates 
Farm Previtellogenic X2 Parous x2 
(5 df) (5 df) 
Beef 119/485 (24.5%) 39.2*** 185/366 (50.5%) 18.3** 
Swi ne 125/502 (24.9%) 41.9*** 202/377 (53.6%) 27.9*** 
Dairy 139/546 (25.5%) 35.0*** 246/407 (60.4%) 23.0*** 
Sheep 189/453 (41.7%) 38.6*** 153/264 (58.0%) 21.8*** 
Pork 162/484 (33.5%) 42.4*** 184/322 (57.1%) 46.8*** 
Totals 734/2470 (29.7%) 970/1736 (55.9%) 
Tests for spatial homogeneity among: 
Previtellogenics (4 d.f.) = 51.1*** 
Parous (4 d.f.) = 9.1 
; 0.01. 
P < 0.001. 
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Genotypic Frequencies 
Chi-square tests were performed for goodness of fit of observed 
genotypic frequencies to those expected under random mating. Eleven of 
153 (7.2%) tests proved statistically significant. This frequency was not 
significantly greater than the 5% expected for a Type I Error. Nor were 
significant values clustered on specific dates, loci, or farms. These 
results suggest that mating was random at all farms and dates. 
Linkage Disequilibrium 
Linkage disequilibrium is the nonrandom association of alleles at two 
loci. To test for linkage disequilibrium in farms, composite linkage 
disequilibrium coefficients were calculated for all locus pairs (Weir, 
1979). Weir's chi-square test was employed to detect significance. 
Chi-square values in Weir's test became inflated when expected frequencies 
were small (i.e., when rare alleles at both loci appeared in a single 
fly). Fifty-four of 321 disequilibrium coefficients were significantly 
greater than zero. But only 13 of these 54 involved common alleles, a 
proportion not significantly less than that expected for a Type I Error. 
The 54 significant values, moreover, were homogeneously distributed among 
dates, farms, and locus pairs. Thus, no consistent pattern of linkage 
disequilibrium was observed in house fly farms. 
Temporal Shifts in Allele Frequencies 
The frequencies and standard errors of the most common alleles are 
presented in Table 3. Chi-square tests for homogeneity of allele 
frequencies among dates are set forth in Table 4. Heterogeneity at two or 
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more loci was detected at each farm. alleles were temporally 
heterogeneous on all farms. Pgm alleles were temporally homogeneous on 
all farms. 
To determine if gene frequencies followed simi liar seasonal patterns, 
correlations were calculated between allele frequencies for all possible 
pairs of farms (Table 5). Six of the 50 correlations proved statistically 
significant. Common correlations at the and Sod loci were large, but 
not statistically significant, and the individual correlations were not 
consistently large or positive. 
Gene frequencies were not consistently correlated for any pair of 
farms, and in general, allele frequencies fluctuated independently of 
sampling location. 
Spatial Differences in Allele Frequencies 
Contingency chi-square tests and hierarchical F-statisties are 
presented in Table 5. Heterogeneity was detected in allele frequencies 
among populations in early July and homogeneity in mid-July and early 
August. Significant spatial variation reappeared in mid-August and was 
maintained thereafter. 
Fpj and Fpg are plotted in Figure 4. The variance in gene 
frequencies among farms (F^^) was large in July, became small in early 
August, and then gradually increased. With the exception of the first 
sample, variation in allele frequencies between adjacent farms (Fpg) 
accounted for a large fraction of the total variance (Fpj). 
Populations at farms were large in mid-August (Figures 2 and 3) and 
even small migration rates would have maintained panmixia (Crow and 
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Kimura, 1970). Larval adaptation to the different breeding resources at 
each farm is a possible explanation of the observed differentiation. 
According to such a hypothesis, gene frequencies in young adults reflected 
the habitats in which they matured. 
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Table 3. Allele frequencies and standard errors (in parentheses) at six 
enzymatic loci in the house fly 
Sampling Dates 
Farm July 6 July 19 Aug. 2 Aug. 16 Sept. 13 Oct. 12 Mean 
Adh 2 
0.840 57830 
(0.037) (0.038) 
Beef 
Swi ne 
Dairy 
Sheep 
Pork 
All 
Farms 
Beef 
Swine 
Dairy 
Sheep 
Pork 
All 
Farms 
0.786 
(0.041) 
0.690 
(0.046) 
0.724 
(0.045) 
0.840 
(0.037) 
0.760 
(0 .021)  
0.680 
(0.047) 
0.850 
(0.036) 
0.760 
(0.048) 
0.730 
(0.044) 
0.770 
(0.042) 
0.758 
(0.019) 
0.840 
(0.037) 
0.790 
(0.041) 
0.650 
(0.048) 
0.660 
(0.047) 
0.760 
(0.043) 
0.740 
(0.020) 
0.656 
(0.048) 
0.880 
(0.032) 
0.700 
(0.046) 
0.740 
(0.045) 
0.750 
(0.043) 
0.746 
(0.020) 
0.820 
(0.038) 
0.806 
(0.040) 
0.830 
(0.038) 
0.850 
(0.036) 
0.829 
(0.017) 
0.734 
(0.046) 
0.653 
(0.048) 
0.650 
(0.048) 
0.760 
(0.044) 
0.695 
(0.021) 
0.770 
(0.042) 
0.850 
(0.036) 
0.770 
(0.042) 
0.770 
(0.042) 
0.798 
(0.018) 
0.700 
(0.046) 
0.770 
(0.042) 
0.790 
(0.041) 
0.750 
(0.043) 
0.740 
(0.020) 
0.710 
(0.045) 
0.880 
(0.032) 
0.750 
(0.043) 
0.790 
(0.041) 
0.740 
(0.044) 
0.774 
(0.019) 
0.670 
(0.047) 
0.770 
(0.042) 
0.810 
(0.039) 
0.830 
(0.038) 
0.730 
(0.044) 
0.762 
(0.019) 
0.740 
(0.044) 
0.750 
(0.043) 
0.660 
(0.047) 
0.690 
(0.046) 
0.714 
(0.046) 
0.711 
(0 .020)  
0.740 
(0.044) 
0.830 
(0.038) 
0.610 
(0.049) 
0.710 
(0.045) 
0.844 
(0.037) 
0.746 
(0.020) 
0.791 
(0.017) 
0.783 
(0.017) 
0.740 
(0.018) 
0.763 
(0.019) 
0.767 
(0.017) 
0.768 
(0.008) 
0.686 
(0.019) 
0.795 
(0.017) 
0.717 
(0.018) 
0.742 
(0.018) 
0.767 
(0.017) 
0.739 
(0.008) 
An\y 4 
0.678 0.690 
(0.049) (0.046) 
Table 3. (continued) 
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Sampling Dates 
Farm July 6 July 19 Aug. 2 Aug. 16 Sept. 13 Oct. 12 Mean 
Beef 0.940 
(0.024) 
0.940 
(0.024) 
Got 4 
0.980 0.87O 
(0.014) (0.034) — — 
0.932 
(0.013) 
Swi ne 0.767 
(0.042) 
0.920 
(0.027) — 
0.833 
(0.039) 
0.960 
(0.020) 
0.920 
(0.027) 
0.884 
(0.015) 
Dairy 0.867 
(0.034) 
0.922 
(0.028) 
0.940 
(0.024) 
0.900 
(0.030) 
0.930 
(0.026) 
0.940 
(0.024) 
0.917 
(0.011) 
Sheep 0.970 
(0.017) 
0.862 
(0.036) — 
0.830 
(0.038) 
0.908 
(0.029) 
0.930 
(0.026) 
0.900 
(0.014) 
Pork 0.930 
(0.026) 
0.959 
(0.020) 
0.920 
(0.027) 
0.870 
{0.034) 
0.880 
(0.032) 
0.820 
(0.038) 
0.896 
(0.012) 
All 
Farms 0.899 
(0.014) 
0.921 
(0.012) 
0.947 
(0.013) 
0.861 
(0.016) 
0.920 
(0.014) 
0.902 
(0.015) 
0.904 
(0.006) 
Beef 
— -
1 
0.980 
(0.014) 
3dh 2 
0.890 
(0.031) — — 
0.935 
(0.017) 
Swine 0.940 
(0.024) 
0.940 
(0.024) 
0.950 
(0.022) 
0.950 
(0.022) — — 
0.945 
(0.011) 
Dairy 0.950 
(0.022) 
0.950 
(0.022) 
0.950 
(0.022) 
0.850 
(0.036) — — 
0.925 
(0.013) 
Sheep 0.930 
(0.026) 
0.930 
(0.026) 
0.930 
(0.026) 
0.960 
(0.020) 
0.950 
(0.022) 
0.960 
(0.020) 
0.943 
(0.009) 
Pork 0.960 
(0.020) 
0.960 
(0.020) — 
0.880 
(0.032) — — 
0.933 
(0.014) 
All 
Farms G.945 
(0.011) 
0.945 
(0.011) 
0.952 
(0.011) 
0.906 
(0.013) 
0.950 
(0.022) 
0.960 
(0.020) 
0.938 
(0.006) 
Table 3. (continued) 
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Sampling Dates 
Farm July 6 July 19 Aug. 2 Aug. 16 Sept. 13 Oct. 12 Mean 
Pgm 3 
0.940 (17970 
(0.024) (0,017) 
Beef 
Swi ne 
Dairy 
Sheep 
Pork 
All 
Farms 
Beef 
Swi ne 
Dairy 
Sheep 
Pork 
All 
Farms 
0.980 
(0.014) 
0.980 
(0.014) 
0.980 
(0.014) 
0.980 
(0.014) 
0.980 
(0.014) 
0.980 
(0.006) 
0.950 
(0.022) 
1.000 
1.000 
1.000 
1.000 
0.990 
(0.004) 
0.970 
(0.017) 
0.990 
(0.010) 
0.980 
(0.014) 
0.980 
(0.014) 
0.980 
(0.014) 
0.980 
(0.006) 
0.960 
(0.020) 
0.980 
(0.014) 
0.940 
(0.024) 
1.000 
0.990 
(0.010) 
0.974 
(0.007) 
0.990 
(0.010) 
0.990 
(0.010) 
0.980 
(0.14) 
0.980 
(0.014) 
0.976 
(0.007) 
1.000 
0.990 
(0.010) 
1.000 
1.0000 
0.992 
(0.004) 
0.990 
(0.010) 
0.970 
(0.017) 
0.980 
(0.014) 
0.990 
(0.010) 
0.980 
(0.006) 
0.920 
(0.027) 
0.950 
(0.022) 
0.970 
(0.017) 
0.950 
(0.022) 
0.948 
(0.010) 
0.970 
(0.017) 
1.000 
0.990 
(0.010) 
1.000 
0.980 
(0.014) 
0.988 
(0,005) 
0.930 
(0.026) 
0.960 
(0.020) 
0.990 
(0.010) 
0.970 
(0.017) 
0.980 
(0.014) 
0.966 
(0.008) 
0.950 
(0.022) 
0.980 
(0.014) 
0.990 
(0.010) 
1.000 
0.950 
(0.022) 
0.974 
(0.007) 
0.980 
(0.014) 
0.950 
(0.022) 
0.950 
(0.022) 
0.960 
(0.020) 
0.940 
(0.024) 
0.956 
(0.009) 
0.963 
(0.008) 
0.988 
(0.004) 
0.983 
(0.005) 
0.987 
(0.005) 
0.977 
(0.006) 
0.980 
(0.003) 
0.957 
(0.008) 
0.968 
(0.007) 
0.970 
(0.007) 
0.983 
(0.005) 
0.977 
(0.006) 
0.971 
(0.003) 
Sod 1 
0.970 0.950 
(0.017) (0.022) 
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Table 4. Chi-square tests for temporal differentiation of allele 
frequencies among sampling sites 
Locus Farm Population 
Beef Swine Dairy Sheep Pork 
Adh 
X2 
d.f. 
31.75** 29.88* 69.24*** 37.17* 27.47* 
15 15 20 20 16 
116.05 
20 
*** 
Amy 
d.f. 
Got 
28.09 49.35** 40.71* 44.14** 36.62 
25 25 25 25 25 
45.81 
25 
irk 
d.f. 
Odh 
12.17 
9 
64.65*** 17.56 
16 20 
21.03 
12 
63.07 
15 
*** 69.67 
25 
*** 
X2 
d.f. 
6.89 
2 
0.23 
6 
22.98 
6 
*** 7.72 
10 
7.49 
4 
18.65 
10 
pgm 
X2 
d.f. 
24.35 
15 
7.03 
10 
6.53 
10 
4.05 
5 
8.64 
10 
34.54 
15 
Sod 
d.f. 
3.70 
5 
15.93 
5 
•k* 
11.68" 
5 
10.58 
5 
14.63 
5 
28.23 
5 
*** 
TOTAL 
X2 
d.f. 
106.95** 167.07*** 168.70*** 124.69** 157.92*** 
71 77 86 77 75 
**P < 0.05. 
***P < 0.01. 
P < 0.001. 
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Table 5. Correlation coefficients between allele frequencies at five 
farms 
Locus 
Farm Adh 2 Amy 4 Got 4 Pgm 3 Sod 1 
Beef X Swine -0.23 -0.05 0.08 0. 06 0.13 
Beef X Dairy 0.29 -0.57 0.42 -0. 60 -0.39 
Beef X Sheep -0.02 -0.23 0.68 -0. 17 0.04 
Beef X Pork 0.68 0.91* 0.69 0. 45 -0.25 
Swine X Dairy 0.21 -0.23 0.95* 0. 11 0.59 
Swine X Sheep -0.02 -0.14 -0.25 0. ,17 0.84* 
Swine X Pork 0.20 0.31 -0.26 0. .52 0.88* 
Dairy X Sheep 0.66 0.82* -0.27 0, .63 0.33 
Dairy X Pork 0.58 -0.77 -0.33 -0 .60 0.62 
Sheep X Pork 0.65 -0.47 -O.Ob -0 .66 0.90* 
Common Correlation 0.53 0.01 0.14 0 .13 0.49 
* P < 0.05. 
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Table 6. Chi-square tests of homogeneity among allele frequencies at 
farms and subpopulations in young female house flies. 
F-statisties indicate the relative contributions of variation 
among subpopulations (Fc-r) and variation among farms in 
subpopulations (F-.) to the total variation among 
farms in the population (Fpj) 
Farms Subpopulations F-StatistTcs 
Date d.f. d.f. Fp^ Fps 
July 6 
Locus 
SaiT" 10.3 9 7.7 6 0.011 0.016 -0.005 
W 29.3^^ 20 14.6^^^ 10 0.008 0.010 -0.002 
Sot 40.4 12 23.2 6 0.041 0.039 0.002 
MT 7.1 6 3.7 2 -0.005 -0.001 -0.004 
S 0.0 4 0.0 2 -0.010 -0.006 -0.004 rgm
Sod 20.2 4 20.2 2 0.041 0.056 -0.016 
Total 107.3*** 55 69.3*** 28 0.013 0.016 -0.003 
July 19 
Locus 
Adh 27.6 12 7.6 6 0.018 0.008 0.010 
22.1 20 10.3 10 0.014 0.006 0.008 
Got 14.4 12 5.2 6 0.006 -0.002 0.008 
2.0 6 0.4 2 -0.006 -0.005 -0.001 
Fgm 8.8 12 8.4 6 -0.007 -0.003 -0.004 
Sod 9.2 4 5,8 2 0.013 0.012 0.001 
Total 84.1 66 37.8 32 0.012 0.004 0.008 
August 2 
Locus 
Mh 9.5 12 2.9 6 -0.008 -0.005 -0.003 
TQy 14.2 20 4.2 10 -0.002 -0.005 0.003 
Got 11.7 6 11.7 6 0.014 0.014 0.000 
m 4.2 6 3.1. 4 -0.001 0.002 -0.003 
Pgm 11.2 8 11.2. 4 0.003 0.010 -0.007 
Sod 8.6 4 7.9* 2 0.012 0.019 -0.007 
Total 59.4 56 41.0 32 -0.001 -0.001 0.000 
< 0.05. 
P < 0.001. 
33 
Table 6. (continued) 
Farms Subpopulations F-Statisties 
Date d.f. d.f. Fpy Pgy Fpg 
August 16 
Locus 
Sciïi 
aOt 
25.7* 12 
46.6 20 
22.5 16 
14.3 8 
6.2 8 
2.6 4 
117.9*** 68 
Hgra 
Sod 
13.5. 6 0.003 0.000 0.003 
22.0 10 0.011 0.008 0.003 
6.7 6 -0.002 -0.002 0.000 
2.7 4 0.010 -0.003 0.013 
4.7 4 -0.005 -0.003 -0.002 
1.3 2 -0.004 -0.002 -0.002 
50.9* 32 0.005 0.001 0.004 
Kgm 
Sod 
Total 
September 13 
Locus 
Mr~ 23.5. 12 9.1.. 6 0.015 0.003 0.012 
W 34.5 20 23.6 10 0.006 0.006 0.000 
^ 17.5 15 5.7 4 0.003 0.008 -0.005 
F m 14.1 12 9.9 6 0.003 0.004 -0.001 
6.5 4 4.9 2 0.007 0.009 -0.002 
Total 96.1* 63 53.2** 28 0.009 0.005 0.004 
October 12 
Locus 
Mr~ 14.7_ 16 
7^ 43.1^. 20 
Sot 30.5 9 
Fgi 19.7 12 
3oE 2.2 4 
Total 110.2*** 61 
6.8 8 -0.003 -0.005 0.002 
14.0. 10 0.022 0.000 0.022 
12.2 3 0.032 0.017 0.015 
10.3 6 0.010 0.006 0.004 
1.7 2 -0.005 -0.001 -0.004 
45.1* 29 0.012 0.001 0.011 
** , P < 0.01. 
0 . 0 2 0  ® F FT 
0 . 0 1 5  FS 
0 .010  
0 . 0 0 5  
0 . 000 
- 0 . 0 0 5  
300 280 260 180 240 200 220 
July Aug Sept Oct 
Julian Date 
Figure 4, Seasonal fluctuations in Wright's Fct and Fr<- among 
nul li parous flies 
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DISCUSSION 
Gene frequencies among flies at farms converged in midsummer and 
progressively diverged thereafter. The initial divergence and midsummer 
convergence in allele frequencies are consistent with the hypothesis that 
house fly populations in early spring consisted of actively breeding but 
reproductively isolated subpopulations (Krafsur, 1985). As the outdoor 
breeding season progressed, densities increased as new habitats were 
colonized. Age structures and densities showed similar seasonal trends 
among the farms. This suggests that the onset of reproduction in spring 
and succeeding schedules of natality and mortality were broadly similar. 
Migration served to homogenize farm populations so that by midsummer they 
were panmictic. 
But this theory fails to account for the fact that homogeneity in 
gene frequencies was not maintained when densities were great during 
August and September. Furthermore, a large proportion of the total 
variation in gene frequencies among farms was accounted for by 
differentiation between adjacent farms. This suggests that factors other 
than inadequate migration caused the gene frequency divergence late in 
sumer. 
The mi dsummer convergence and subsequent divergence of gene 
frequencies might be explained in principle by spatially different 
selection regimes. Farms differed qualitatively in the breeding resources 
they offered reproducing flies. Flies may, therefore, have experienced 
"fine-grained" environments and fitness was optimized by different 
genotypes. The divergence in allele frequencies between adjacent farms is 
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consistent with the foregoing hypothesis. Larval crowding and reduced 
developmental time due to seasonally high temperatures cause smaller and 
less fecund flies (Black and Krafsur, 1986a). These factors also may 
increase larval mortality, perhaps making genotypic requirements for 
survival more exacting. 
The hypothesis that differences in allele frequencies among farms 
reflected local adaptation also predicts that allele frequencies be 
uncorrelated. Such a result was obtained; only six of 50 correlations 
proved statistically significant (Table 5). Parallel shifts in frequency 
were not seen among farms. 
Kinetic differences have been reported among allozymes at the AM 
(van Delden, 1982) and Aqy (Doane, 1980) loci in Drosophila species. 
Among house fly larvae, A^ may be an important detoxifying enzyme because 
they breed in fermenting substrates. House flies may prove valuable for 
research on the adaptive significance of an\ylase polymorphisms. Only a 
single aniylase locus is known in Drosophila, but we have identified six 
arnylase loci in the house fly (Black and Krafsur, 1985a) one of which is 
very active and transcribed only in larvae. The house fly is easily 
studied in the field or laboratory and thus presents opportunities for 
population geneticists interested in the evolutionary consequences of 
breeding structure and the functional significance of en^me 
polymorphisms. 
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SECTION II. SEASONAL BREEDING STRUCTURE IN THE HOUSE FLY 
40 
INTRODUCTION 
Breeding structure was monitored in the spring, summer and fall of 
1983 in two age groups and both sexes of the house fly. Flies were 
sampled from May until November from six farms. Allele frequencies were 
recorded by age group to determine if the seasonal breeding structure 
pattern observed among young adults in 1982 was repeated and if the same 
pattern appeared among older flies. Heterogeneity among young and old 
flies would suggest a hypothesis of local adaptation among adults. 
Alternatively, homogeneous gene frequencies among older flies and 
heterogeneous frequencies among the young flies would support a hypothesis 
of larval adaption. 
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MATERIALS AND METHODS 
Fly Collections 
Adult house flies were collected with sweep nets from six farms 
surrounding Ames (Figure 1). Samples were taken at the five farms studied 
in 1982 and at a sixth farm ca. 20 km north of Ames. Flies were collected 
on eight sampling occasions from late May until mid-November. In 
November, collections were made indoors at most farms. 
Age Grading 
Gonotrophic age in females was determined following criteria listed 
in Section I. Age in males was determined by the presence or absence of 
pupal fat bo4y. Teneral males had recently emerged from their puparium. 
Their hemolymph contained pupal fat body and the cuticle was often soft 
and untanned. Four female and two male age groups were recognized. These 
were teneral males (0-3 days old), nonteneral males (age unknown), 
previtellogenic females (0-3 d^ys old), vitellogenic nullipara (3-5 days 
old), parous (at least 6 days old) and gravid flies (at least 5 days old). 
Electrophoretic Procedures 
A random sample of ca. 100 flies was taken from each collection. 
They were sexed, age-graded, transferred immediately to grinding buffer, 
homogenized and frozen at -70°C awaiting electrophoresis. Electrophoretic 
procedures were as described in Section I. Genotypes were scored at four 
loci: Adh (Alcohol dehydrogenase). Amy + (fast) (anodally fast migrating 
Amylase), Amy + (slow), and An\y - (fast) (cathodally fast migrating 
Ainylase). There were 21 alleles distributed among the six loci. Six 
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alleles existed at the Ainy + (fast) locus, and 5 alleles occurred at each 
of the other loci. Electrophoretic assays were made of approximately 4300 
flies representing 50 collections. 
Analysis of Data 
The same procedures were followed as those described in Section I. 
As before Farms (F) were the sampling units in Wright's hierarchical 
analysis. They were grouped into subpopulations (S), which formed the 
total population (T). The northern pork farm and the beef farm were 
treated as separate subpopulations, the swine farrowing facility and dairy 
farm constituted a third subpopulation, and the southern pork and sheep 
farms formed a fourth. 
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STORY 
C I T Y  
17.6 km 
5 km I 
5=4 km A M E S  
2.9 km 
A - Beef Nutrition Farm, B - Swine Farrowing Sheds, C - Dairy Farm, 
D - Sheep Farm, E - Pork Production Farm (south), 
F - Pork Production Farm (north) 
Figure 1. Relative locations of the six farms surrounding Ames, 
Iowa 
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RESULTS 
Temporal and Spatial Variation in Age Structure 
The proportions of previtellogenic and parous flies are listed by 
sampling dates (Table 1) and by farms (Table 2). The proportions of 
parous flies were heterogeneous among farms during May and June, converged 
in July, and remained homogeneous until November. The proportions of 
previtellogenic flies were homogeneous early in the sutrerer, became 
heterogeneous in July, and remained so throughout late summer and autumn. 
The data indicate that age structures fluctuated throughout the season and 
stable age distributions were not obtained. The seasonal mean proportions 
parous were homogeneous among farms in summer and autumn, suggesting 
similar survival probabilities (Krafsur, 1985). The heterogeneity in 
proportions parous early in the season can probably be attributed to 
inadequate sampling frequency. Short term changes in local dynamics 
caused the heterogeneity. 
The greatest proportions previtellogenic were consistently found at 
the sheep farm and the northern pork farm. The smallest proportions 
previtellogenic were consistently noted at the beef operation. At the 
sheep and pork farms, flies were swept from walls adjacent to spilled 
feed, manure, and moist straw in which larvae develop. At the beef farm, 
flies were collected indoors where there was no inmediately local 
breeding. The proportions of previtellogenic females were directly 
related to the proximity of collections to larval breeding sites. These 
results are consistent with observations in 1982. 
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Table 1. Proportions of previtellogenic and parous flies according to 
sampling dates. Chi-square statistics test for homogeneity 
among six farms 
Date Previtellogenic Parous 
(5 df) (5 df) 
May 23 32/80 ' (40.0%) 6.4 33/48 (68.8%) 13.3** 
June 6 43/98 (43.9%) 5.1 34/55 (61.8%) 10.4* 
June 20 29/113 (25.7%) 3.7 52/83 (62.7%) 18.3** 
July 11 70/201 (34.8%) 30.7*** 97/131 (74.1%) 10.9 
Aug. 1 35/222 (15.8%) 13.8* 113/187 (60.4%) 2.2 
Sept. 12 81/231 (35.1%) 12.6* 62/150 (41.3%) 7.1 
Oct. 10 40/160 (25.0%) 10.3 29/120 (24.2%) 8.0 
Nov. 6 84/170 (49.4%) 63.6*** 28/86 (32.6%) 12.6** 
Total 414/1275 (32.5%) 448/860 (52.1%) 
Tests for seasonal homogeneity among: 
Previtellogenic X^ (7 d.f.) = 66.1*** 
Parous X^ (7 d.f.) = 99.2*** 
< 0.05. 
***P  ^0.01. 
P < 0.001. 
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Table 2. Proportions of previtellogenic and parous flies according to 
sampling location. Chi-square statistics test for homogeneity 
among eight sampling dates 
Farm Previtellogenic Parous 
{7 d.f.) (7 d.f.) 
Pork(north) 76/176 (43.2%) 67.6*** 58/100 (58.0%) 16.5** 
Beef 41/208 (19.7%) 8.0 82/167 (49.1%) 40.1*** 
Swi ne 85/284 (30.0%) 37.1*** 86/199 (43.2%) 41.4*** 
Dairy 70/215 (32.5%) 31.0*** 74/145 (51.0%) 14.9* 
Sheep 78/186 (41.9%) 25.1*** 65/108 (60.2%) 23.1*** 
Pork(south) 64/206 (31.1%) 7.4 83/141 (58.9%) 24.9*** 
Tests for spatial homogeneity in: 
Previtellogenic X2 (5 d.f.) = 33 3*** 
Parous X^ (5 d.f.) = 13.8* 
**P < 0.05. 
***P < 0.01. 
P < 0.001. 
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Allele Frequencies Between Sexes and Among Age Groups 
Chi-square tests of homogeneity in allele frequencies between sexes 
were performed for each farm and sampling date. Of 179 tests, 12 (6.7%) 
were significant at the 5% level. This was consistent with expectations 
for a type I error. Significant values were evenly distributed among 
farms, loci, and dates. 
Tests of homogeneity between sexes of the same age group were 
performed to remove possible confounding age effects. The proportion of 
significant tests (8/180 = 0.044) was consistent with expectation. No 
real differences in allele frequencies between sexes were detected. 
Therefore, gene frequencies of ten era1 males were combined with those of 
tenera! and nul 1iparous females. These are henceforward referred to as 
"young" flies. 
Allele frequencies in young and parous adults were examined by farm 
and sampling dates. Of 152 chi-square tests, only 5.5% were statistically 
significant, and these were independently distributed among farms, dates, 
and loci. 
Genotypic Frequencies 
The goodness of fit of observed genotypic frequencies to those 
expected under random mating was tested. Eighteen of 184 (9.8%) tests 
were significant. This was more than the 5% expected for a type I error 
(X^ = 8.86, 1 d.f., P = 0.003). Significant departures from expectation 
were independently distributed among loci, dates, and farms. Sixteen of 
the significant deviations from Hardy-Weinberg expectations involved 
heterozygote deficiencies. This suggested the hypothesis that the 
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deviations resulted from slight differences among age groups and sexes 
according to Wahlund's effect. Therefore, random mating was tested in age 
groups. The number of significant tests decreased to nine of 184 (4.9%) 
in "young" flies and to 10 of 155 (6.5%) among parous females. When 
random mating was examined by sex, 4.9% of tests were significant in males 
and 6.5% in females. These results suggest that slight differences in 
allele frequencies in age and sex created the excess of homozygotes. 
Linkage Disequilibrium 
Linkage disequilibrium coefficients for locus pairs were calculated 
and tested for significance. Of 276 independent tests 28 were 
significant. This was significantly greater than expected by chance (X = 
15.4, 1 d.f. , P< 0.0001). Only 9 significant results involved common 
alleles and this was consistent with expectations. Significant values 
were homogeneously distributed among farms, loci and dates. There was no 
significant pattern of linkage disequilibrium. The same pattern was noted 
when analyses were performed on flies of the youngest age class. 
Temporal Trends in Allele Frequencies 
The frequencies and standard errors of the most common alleles are 
set forth in Table 3. Tests for homogeneity of allele frequencies among 
sampling dates appear in Table 4. Correlations were calculated between 
allele frequencies for all pairs of farms (Table 5) to determine if 
alleles followed similar seasonal patterns. 
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Table 3. Frequencies and standard errors {in parentheses) of the most 
common allele at four enzymatic loci in the house fly in 1983 
Date Farm Population 
Pork Pork 
(North) Beef Swine Dairy Sheep (South) 
Adh 2 
May 23 0.625 - 0.722 0.661 - 0.745 0.704 
(0.070) - (0.032) (0.035) - (0.031) (0.018) 
June 6 0.759 - 0.760 0.705 0.675 0.725 0.723 
(0.041) - (0.030) (0.040) (0.033) (0.032) (0.015) 
June 20 0.750 0.700 0.609 0.680 0.645 0.697 0.673 
(0.050) (0.032) (0.035) (0.033) (0.034) (0.033) (0.014) 
July 11 0.611 0.587 0.462 0.554 0.512 0.586 0.553 
(0.035) (0.035) (0.037) (0.039) (0.038) (0.036) (0.015) 
Aug. 1 0.602 0.580 0.591 0.560 0.710 0.582 0.602 
(0.035) (0.035) (0.036) (0.035) (0.034) (0.035) (0.014) 
Sept. 12 0.590 0.480 0.561 0.535 0.478 0.617 0.544 
(0.036) (0.036) (0.035) (0.038) (0.037) (0.035) (0.015) 
Oct. 10 0.660 0.594 0.528 0.600 0.647 0.625 0.609 
(0.035) (0.035) (0.037) (0.039) (0.037) (0.035) (0.015) 
Nov. 7 0.619 0.558 0.633 0.682 0.682 0.563 0.643 
(0.045) (0.049) (0.035) (0.036) (0.070) (0.037) (0.015) 
Mean 0.639 0.585 0.611 0.621 0.615 0.645 0.623 
(0.014) (0.015) (0.012) (0.013) (0.014) (0.012) (0.005) 
Table 3 .  (cont inued)  
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Date Farm Population 
Pork ' ' Pork 
(North) Beef Swine Dairy Sheep (South) 
Amy + (fast) 4 
May 23 0.750 - 0.641 0.833 - 0.740 0.737 
(0.063) - (0.034) (0.027) - (0.031) (0.018) 
June 6 0.694 - 0.781 0.746 0.740 0.677 0.730 
(0.044) - (0.030) (0.038) (0.031) (0.033) (0.015) 
June 20 0.750 0.758 0.763 0.727 0.795 0.776 0.763 
(0.050) (0.030) (0.030) (0.032) (0.029) (0.030) (0.013) 
July 11 0.734 0.813 0.796 0.755 0.758 0.750 0.768 
(0.032) (0.028) (0.029) (0.031) (0.031) (0.032) (0.012) 
Aug. 1 0.815 0.732 0.783 0.776 0.740 0.760 0.768 
(0.027) (0.031) (0.029) (0.030) (0.031) (0.031) (0.012) 
Sept. 12 0.760 0.724 0.720 0.805 0.716 0.796 0.749 
(0.031) (0.032) (0.032) (0.030) (0.032) (0.041) (0.013) 
Oct. 10 0.801 0.795 0.705 0.775 0.804 0.823 0.783 
(0.029) (0.029) (0.032) (0.031) (0.029) (0.028) (0.012) 
Nov. 7 0.809 0.764 0.790 0.832 0.727 0.761 0.792 
(0.037) (0.041) (0.029) (0.027) (0.067) (0.032) (0.013) 
Mean 0.770 0.764 0.747 0.782 0.758 0.758 0.764 
(0.013) (0.013) (0.011) (0.011) (0.012) (0.011) (0.005) 
Table 3 .  (cont inued)  
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Date Farm Population 
Pork Pork 
(North) Beef Swine Dairy Sheep (South) 
Aqy + (slow) 2 
May 23 0.771 - 0.860 0.771 - 0.805 0.810 
(0.061) - (0.025) (0.031) - (0.028) (0.016) 
June 6 0.833 - 0.820 0.799 0.845 0.730 0.803 
(0.036) - (0.027) (0.035) (0.026) (0.031) (0.014) 
June 20 0.e08 0.840 0.820 0.810 0.825 0.845 0.827 
(0.045) (0.026) (0.027) (0.028) (0.027) (0.026) (0.012) 
July 11 0.795 0.805 0.835 0.850 0.860 0.848 0.832 
(0.029) (0.028) (0.026) (0.025) (0.025) (0.026) (0.011) 
Aug. 1 0.840 0.845 0.870 0.825 0.845 0.830 0.843 
(0.026) (0.026) (0.024) (0.027) (0.026) (0.027) (0.011) 
Sept. 12 0.844 0.837 0.790 0.846 0.785 0.850 0.821 
(0.027) (0.026) (0.029) (0.031) (0.029) (0.036) (0.012) 
Oct. 10 0.865 0.880 0.897 0.846 0.822 0.830 0.857 
(0.024) (0.023) (0.022) (0.026) (0.029) (0.027) (0.010) 
Nov. 7 0.875 0.800 0.915 0.796 0.841 0.862 0.863 
(0.031) (0.126) (0.020) (0.030) (0.055) (0.026) (0.012) 
Mean 0.835 0.841 0.850 0.818 0.831 0.823 0.834 
(0.011) (0.012) (0.009) (0.010) (0.011) (0.010) (0.004) 
Table 3 .  (cont inued)  
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Date Farm Population 
Pork Pork 
(North) Beef Swine Dairy Sheep (South) 
An\y - (fast) 2 
May 23 0.739 - 0,649 0.436 - 0.525 0.546 
(0.065) - (0.038) (0.036) - (0.035) (0.021) 
June 6 0.529 - 0.550 0.561 0.596 0.641 0.581 
(0.049) - (0.035) (0.043) (0.036) (0.035) (0.017) 
June 20 0.412 0.575 0.560 0.610 0.646 0.534 0.574 
(0.060) (0.035) (0.035) (0.034) (0.035) (0.037) (0.015) 
July 11 0.631 0.612 0.542 0.632 0.563 0.523 0.586 
(0.034) (0.035) (0.036) (0.035) (0.038) (0.038) (0.015) 
Aug. 1 0.657 0.655 0.615 0.643 0.625 0.668 0.646 
(0.034) (0.034) (0.035) (0.036) (0.054) (0.034) (0.015) 
Sent. 12 0.564 0.598 0.536 0.584 0.624 0.597 0.583 
(0.036) (0.037) (0.036) (0.038) (0.035) (0.037) (0.015) 
Oct. 10 0.513 0.462 0.526 0.521 0.514 0.487 0.504 
(0.040) (0.037) (0.036) (0.036) (0.042) (0.040) (0.016) 
Nov. 7 0.436 0.490 0.459 0.472 0.477 0.517 0.479 
(0.047) (0.049) (0.036) (0.037) (0.075) (0.037) (0.016) 
Mean 0.567 0.572 0.552 0.558 0.590 0.564 0.564 
(0.015) (0.015) (0.013) (0.013) (0.015) (0.013) (0.006) 
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Table 4. Chi-square analysis of temporal differentiation in allele 
frequencies 
Farm 
Adh 
Locus 
Amy + An\y + 
(fast) (slow) 
Amy -
(fast) 
Total 
PôrR 
(north) 
d.f. 
Beef 
X2 
d.f. 
Swi ne 
X2 
d.f. 
77.01 
28 
*** 
55.26 
20 
*** 
92.75 
21 
*** 
45.64 
35 
29.10 
25 
52.93 
35 
24.93 
21 
37.47 
15 
** 
44.21 
14 
*** 
67.17 
21 
*** 
56.72 
20 
*** 
110.84 
28 
*** 
214.76 
105 
*** 
178.55 
80 
*** 
300.73 
98 
*** 
Dairy 
X? 
d.f. 
56.69 
21 
•kick 37.80 
35 
24.91 
21 
82.76 
28 
202.16 
105 
*** 
Sheep 
X2 
d.f. 
78.87 
18 
*** 47,73 
30 
42.96 
24 
98.94 
24 
"kick 268.51 
96 
Pork 
(South) 
d.f. 
79.73 
21 
irkic 50.17 
35 
49.78*** 111.35*** 
21 28 
291.03 
105 
All farms 
X^ 182.43*** 
d.f. 28 
67.86 
35 
•kick 86.75*** 262.22*** 
28 28 
599.26 
119 
*** 
**P < 0.05. 
***P < 0.01. 
P < 0.001. 
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Table 5. Correlation coefficients between allele frequencies at six farms 
Farms Allele 
Adh 2 
Amy + 
(fast) 4 
An\y + 
(slow) 2 Amy - 2 
Beef X Swine 0.06 0.13 0.12 0.78 
Beef X Dairy 0.61 -0.30 0.36 0.91* 
Beef X Sheep 0.47 0.55 -0.42 0.78 
Beef X Pork(South) 0.64 -0.02 -0.82* 0.80 
Beef X Pork(North) 0.89* -0.29 0.24 0.67 
Swine X Dairy 0.81* -0.45 -0.18 0.02 
Swine X Sheep 0.60 -0.35 0.40 0.78* 
Swine X Pork(South) 0.60 -0.27 0.20 0.32 
Swine X Pork(North) 0.42 0.00 0.38 0.77* 
Dairy X Sheep 0.61 -0.60 -0.29 0.80* 
Dairy X Pork(South) 0.59 0.15 0.40 0.49 
Dairy X Pork(North) 0.72* 0.44 0.31 -0.06 
Sheep X Pork(South) 0.15 0.38 -0.24 0.62 
Sheep X Pork(North) 0.40 0.04 -0.30 0.25 
Pork(South) X 
Pork(North) 0.64 0.67 0.18 0.23 
Common Correlation 0.59 0.02 0.04 0.57 
*P ^ 0.05. 
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Gene frequencies at the Any- and loci were significantly 
different among dates at each farm. The seasonal maximum and minimum 
differed by 18%. Adh 2 declined in midsummer and increased in autumn. 
Amy- 2 increased in midsummer and decreased in autumn. Correlation 
coefficients for the jg# and Amy- loci were consistently positive, and 
cornnon correlations were large. Trends in gene frequencies occurred in 
parallel among farms. 
Spatial Differentiation in Allele Frequencies 
Contingency chi-square tests were performed on seasonal mean allele 
frequencies at each farm (Table 6). Most significant values in the table 
involved rare alleles and were therefore statistical artifacts. The 
exceptions were Adh 2, Amy- 3, and Amy- 4. Even here, differences were 
slight and did not suggest strong local adaptation. 
Breeding Structure 
Hierarchical F-statisties and contingency tests are set forth for 
flies of all ages (Table 7), parous flies (Table 8), and "young" flies 
(Table 9). 
Gene frequencies were heterogeneous among farms in May (Table 7). 
Heterogeneity rapidly declined in June (Figure 2), frequencies became 
homogeneous in July and remained so until November. F^g contributed most 
to Fpy in spring, suggesting that most of the differentiation among farms 
was attributable to drift. F^g declined rapidly in spring, reached zero 
by June 20, and remained small during the rest of the season. 
56 
Seasonal trends in Fpj in flies of all ages were correlated with 
trends in Fpy in parous flies (Figure 3). This suggests that breeding 
structure of parous adults was similar to the breeding structure of the 
general adult population. Furthermore, excluding November, Fpj and Fpg 
were congruent among all adults (Figure 2) and parous adults (Figure 3). 
Seasonal trends in Fp^ in parous and "young" adults (Figure 4) were 
independent, and this F statistic varied erratically among the youngest 
age group. In M^y and June, Fpy and Fpg were independent among "young" 
flies. From August through November, Fpg increased with Fpj indicating 
that much of the variation in allele frequencies among all farms was 
contributed by variation between adjacent farms. This agrees with results 
obtained in 1982. Local adaptation remains an attractive possibility for 
this differentiation. 
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Table 6. Chi-square tests for spatial homogeneity in seasonal all-ele 
frequencies in farms and subpopulations (n = number of 
flies sampled) 
Chi-square 
Locus farms Subpbpulations 
All age groups 
Adh 
"nr= 3995) 
1 
2 
3 
4 
5 
10.48, 
11.34 
6.65 
8.09 
9.03 
4.47^ 
8.77 
5.05 
5.51 
9.02 
Locus 
d.f. 
35.91 
20 
25.43 
12 
Arny + (fast) 
(n = 4Ub4) 
1 
2 
3 
4 
5 
6 
14.23 
9.37 
8.87 
4.44 
4.10 
6.34 
7.56. 
8.78 
5.54 
0.97 
2.03 
2.37 
Locus 
d.f. 
42.05 
25 
25.28 
15 
Aqy + (slow) 
(n = 399/) 
1 
2 
3 
4 
5 
5.14 
9.30, 
12.92 
00 
56 
5.01 
1.69 
3.27 
5.61 
1.98 
Locus 
d.f. 
29.52 
20 
15.49 
12 
*P 4 0.05. 
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Table  6 .  (cont inued)  
Locus Farms 
Chi-square 
Subpopulations 
Ainy -
Trr^848) 
1 111.07 
2 5.79 
3 16.44' 
4 28.28 
5 7.59 
Locus 155.59 
d.f. 20 
All loci 263.07 
d.f. 85 
*** 
** 
*** 
*** 
47.63 
3.64 
6.37 
20.55 
2.58 
72.49 
12 
*** 
*** 
*** 
*** 138.69 
51 
*** 
Adh 
Tn~= 1331) 
Teneral and Nulliparous Flies 
1 1.69 1.31 
2 5.18 5.09 
3 6.38 5.65 
4 9.38 4.65 
Locus 16.78 11.46 
d.f. 15 9 
**p < 0.01. 
< 0.001. 
59 
Table  6 .  (cont inued)  
Chi-square 
Locus Farms Subpopulations 
Amy + (fast) 
(n = 1380) 
1 2.31 1.19 
2 2.32* 1.62* 
3 15.90 9.34 
4 10.59 5.81 
5 2.94 2.33 
5 4.05 1.85 
Locus 28.37 15.20 
d.f. 25 15 
Amy + (slow) 
(n = 1357) 
1 8.14 7.25* 
2 10.26 8.26 
3 10.31 5.00 
4 4.36 3.75 
Locus 22.93 16.39 
d.f 15 9 
Amy -
(n = 1292) 
1 
*** 
28.08 
** 
12.92 
2 
3 
7.75** 
18.15* 
6.45** 
11.46 
4 12.53 7.02 
5 3.21 1.45 
Locus 
*** 
58.71 
** 
31.75 
d.f. 20 12 
All loci 
*** 
126.80 
** 
75.81 
d.f. 75 45 
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Table 7. Chi-square tests of homogeneity among allele frequencies at 
farms and subpopulations in house flies of all ages. 
F-statisties indicate the relative contributions of Fg, 
(variation among subpopulations) and Fpg (variation among 
farms in subpopulations) to Fry, the total variation among 
farms in the population 
Farms Subpopulations F-Statistics 
Date d .f. X2 d .f. 
^FT ^ST ^FS 
May 23 
Locus 
*** * 
Adh 29.60** 9 14.94 6 0,007 0.004 0.003 
Amy + (fasti 34.95* 15 15.98 10 0.022 -0.005 0.027 
Amy + (slow) 16.44*** 6 ^"69*** 4 o.ou -0.002 0.013 
Amy - 62.47 9 35.88 6 0.039 0.014 0.025 
*** *** 
Total 143.46 39 70.48 26 0.022 0.004 0.018 
June 6 
Locus 
** 
Adh 29.40* 12 6.67* 6 0.003 0.001 0.002 
Amy + (fast) 34.97* 20 28.96 10 0.005 0.007 -0.002 
Amy + (slow) 18.60*** 8 4 0.009 -0.002 0.011 
Amy - 101.97 16 46.29 8 0.010 0.008 0.002 
*** *** 
Total 184.94 56 84.35 28 0.007 0.004 0.003 
June 20 
Locus 
*** *** 
Adh 76.13 15 51.05 9 0.013 0.008 0.005 
Amy + (fast) 22.45 25 15.24* 15 -0.002 -0.001 -0.001 
Amy + (slow) 15.55*** 10 14.28*** 6 0.000 0.002 -0.002 
Amy - 102.26 20 63.56 12 0.022 0.022 0.000 
*** *** 
Total 216.38 70 144.13 42 0.010 0.010 0.000 
**P ^ 0.05. 
*.*P ^ 0.01. 
P < 0.001. 
Table 7 .  (cont inued)  
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Farms Subpopulations F-Statisties 
Date ,f. d .f. 
•"FT FST ^FS 
15 17.51* 9 0.004 0.002 0.002 
25 23.10 15 0.001 0.002 -0.001 
10 12.56** 6 0.001 0.003 -0.002 
20 29.66 12 0.005 0.003 0.002 
*** 
70 82.83 42 0.003 0.003 0.000 
15 8.(B* 9 0.004 0.000 0.004 
25 27.25 15 0.001 0.003 -0.002 
10 6.67 6 -0.001 -0.001 0.000 
20 14.61 12 0.000 0.000 0.000 
70 56.62 42 0.001 0.001 0.000 
July 11 
Locus 
Adh 
Amy + 
Amy + (slow) 
Amy 
Total 
Aug. 1 
Locus 
Adh 
Amy 
Amy 
Total 
** 
34.Oil 
42.54 
13.63** 
40.22 
130.40 
*** 
(fast) 
Amy + (slow) 
17.56 
31.24 
9.69 
25.85 
84.35 
Sept. 10 
Locus 
Adh 
Amy (fast) 
Amy + (slow) 
Amy -
Total 
Oct. 10 
Locus 
Adh 
Amy (fast) 
Amy + (slow) 
Amy -
Total 
23.93 15 8.28 9 0.009 0.002 0.007 
25.32 25 16.40 15 0.002 0.000 0.002 
10.99 15 4.26* 9 -0.001 -0.002 0.001 
30.62 20 25.02 12 -0.001 0.001 -0.002 
90.85 75 53.96 45 0.003 0.000 0.003 
16.18 15 13.93 9 0.001 0.002 -0.001 
29.76 25 22.27 15 0.002 0.002 0.000 
24.00 20 13.84 12 0.001 0.001 0.000 
19.66 15 12.82 9 0.000 0.000 0.000 
89.60 75 62.86* 45 0.001 0.001 0.000 
62 
Table  7 .  (cont inued)  
Farms Subpopulations F-Statistics 
Date d .f. d.f. FpT FST ^FS 
Nov. 7 
Locus 
*** *** 
Adh 84.45, 24 61.66 12 0.020 0.017 0.003 
Amy + (fast) 43.74* 30 14.34* 15 -0.001 0.000 -0.001 
Amy + (slow) 33.85** 18 17.44** 9 0.008 0.000 0.008 
Amy - 44.72 24 28.76 12 0.010 0.011 -0.001 
Total 
*** ickie 
206.76 96 122.20 48 0.010 0.009 0.001 
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Table 8. F-statisties among parous flies at farms. 
F-Statisties 
Date Fpy Fjj Fps 
May 23 
Locus 
Adh 0.011 0.037 -0.027 
Amy + (fast) -0.023 0.000 -0.023 
Amy + (slow) -0.009 -0.020 0.011 
Amy - 0.102 0.013 0.090 
Total 0.031 0.011 0.020 
June 6 
Locus 
MT" 0.061 0.033 0.029 
Amy + (fast) 0.034 0.004 0.030 
Amy + (slow) 0.045 -0.052 0.092 
Amy - 0.006 -0.025 0.030 
Total 0.032 -0.009 0.041 
June 20 
Locus 
Adh 0.043 0.039 0.004 
Amy + (fast) -0.023 -0.018 -0.005 
Amy + (slow) 0.040 -0.029 0.067 
Amy - -0.007 0.006 -0.013 
Total 0.009 0.003 0.006 
July 11 
Locus 
Adh 0.005 0.008 -0.003 
Amy + (fast) 0.002 -0.010 0.012 
Amy + (slow) -0.013 -0.010 -0.003 
Amy - 0.037 0.002 0.035 
Total 0.011 -0.001 0.012 
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Table  8 .  (cont inued)  
F-Statisties 
Date Fpj Fjj Fp5 
Aug. 1 
Locus 
MT" -0.008 0.004 -0.012 
Amy + (fast) -0.023 -0.013 -0.010 
Amy + (slow -0.006 -0.010 0.004 
Amy - 0.011 0.012 -0.001 
Total -0.005 0.000 -0.005 
Sept. 12 
Locus 
Ad h 0.004 0.009 -0.005 
Amy + (fast) -0.012 0.005 -0.017 
Amy + (sloW 0.000 0.003 -0.003 
Amy - 0.003 0.014 -0.011 
Total 0.000 0,009 -0.009 
Oct. 10 
Locus 
MT" -0.071 -0.059 -0.011 
Amy + ffast) -0.054 -0.035 -0.018 
Amy + (slow) -0.011 -0.016 0.005 
Amy - 0.103 0.081 0.024 
Total 0.002 0.001 0.001 
Nov. 7 
Locus 
Adh 0.090 0.116 -0.029 
Amy + (fast) -0.046 -0.015 -0.031 
Amy + (slow) -0.007 0.003 -0.010 
Amy - 0.058 0.048 0.011 
Total 0.032 0.044 -0.013 
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Table 9. Chi-square tests of homogeneity among allele frequencies at 
farms and subpopulations in "young" house flies. F-statistics 
indicate the relative contributions of F^-r (variation among 
subpopulations) and Fpg (variation among farms in 
subpopulations) to Fp-r, the total variation among farms in the 
population 
Farms Subpopulations F-Statisties 
Date X2 d .f. X2 d .f. 
•"FT FST FFS 
May 23 
Locus 
Adh 19.15** 9 10.09** 6 0.011 0.010 0.001 
Amy + 1 J fast) 35.35 15 27.33 10 0.037 0.023 0.014 
Amy + 1 [slow) 7.07** 6 4.14* 4 0.002 0.001 0.001 
Amy - 25.26 9 15.06 6 0.015 -0.007 0.022 
Total *** 39 *** 26 86.83 56.62 0.017 0.006 0.011 
June 6 
Locus 
Adh 
Amy 
Amy + 
Amy -
Total 
+ (fast) 
(slow) 
18.34 
20.32 
8.70. 
53.72 
101.09' 
*** 
*** 
16 
8 
16 
48 
4.25 
8.79 
2.85** 
21.52 
37.41* 
4 
8 
4 
8 
24 
0.007 
0.005 
0.002 
0.014 
0.008 
0.005 
•0.002 
-0.004 
0.006 
0.002 
0 .002  
0.007 
0.006 
0 .008 
0.006 
June 20 
Locus 
Mr~ 
Amy + (fast) 
Amy + (slow) 
Amy -
Total 
.*** *** 
31.73 10 23.53 6 0.044 0.052 -0.008 
25.88 25 13.70 15 0.003 0.000 0.003 
7.00*** 10 5.96** 6 -0.008 -0.001 -0.007 
45.13 15 26.77 9 0.039 0.049 -0.011 
. *** 60 *** 36 109.73 69,96 0.025 0.031 -0.006 
**P < 0.05. 
^ 0 .01 .  
P < 0.001. 
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Table 9 .  (cont inued)  
Farms Subpopulations F-Statisties 
Date X2 d .f. X2 d.f. FPT FST FPS 
July 11 
Locus 
Adh 12.84 15 3.87 9 -0.003 -0.008 0.005 
Amy + (fast) 32.92 25 14.48 15 0.006 0.000 0.006 
Amy + (slow) 6.25 10 5.72 6 -0.009 -0.005 -0.004 
Amy - 18.04 20 11.88 12 -0.006 -0.004 -0.002 
Total 70.04 70 35.95 42 -0.003 -0.005 0.002 
Aug. 1 
Locus 
Adh 11.78 10 6.98 6 0.004 0.001 0.003 
Amy + (fasti 33.44 25 19.81 15 0.014 0.018 -0.004 
Amy + (slow) 12.24* 10 10.40* 5 -0.002 0.001 -0.003 
Amy - 25.44 15 18.58 9 0.007 0.015 -0.008 
Total 82.90* 60 55.78* 36 0.006 0.010 -0.004 
Sept. 12 
Locus 
Adh 9.60 10 1.93 6 -0.001 -0.006 -0.005 
Amy T (fast) 28.01 25 13.86 15 0.008 -0.003 0.011 
Amy + (slow) 10.30 10 7.94 6 0.002 0.005 -0.003 
Amy - 17.22 20 10.81 12 0.000 -0.001 0.001 
Total 65.13 65 34.53 39 0.002 -0.002 0.004 
Oct. 10 
Locus 
Adh 12.69* 10 7.34* 6 0.005 0.001 0.004 
Amy + (fast) 41.22 25 26.05 15 0.050 0.039 0.011 
Amy + (sloyO 16.48 15 13.51 9 0.000 0.007 -0.007 
Amy - 22.56 15 7.73 9 0.017 -0.001 0.018 
Total 92.95* 65 54.63* 39 0.017 0.008 0.009 
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Table  9 .  (cont inued)  
Farms Subpopulations F-Statistics 
Date X2 d • f. X2 d.f. 
^FT FST FPS 
Nov. 7 
Locus 
18 Ad h 48.12 27.63 9 0.035 0.009 0.026 
Amy + 1 [fast) 33.95 30 14.84 15 -0.004 0.000 -0.004 
Amy + 1 [slow) 15.43** 15 7.74 6 -0.005 -0.004 -0.001 
Amy - 37.58 18 13.98 9 0.020 0.008 0.012 
Total 
** 
135.18 81 64.20 39 0.016 0.005 0.011 
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Figure 2. Seasonal fluctuations in Wright's Fr-. and Fee among 
all flies 
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Figure 3. Seasonal fluctuations in Wright's Fp-p and Fee among 
parous flies 
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Figure 4. Seasonal fluctuations in Wright's F^t and Fee amonq 
"young" flies " 
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DISCUSSION 
In spring, flies at adjacent farms were genetically differentiated 
probably because of drift during winter. Differentiation between adjacent 
farms rapidly declined in June due to migration as population densities 
increased. Older flies became panmictic in July and remained so until 
November. At that time, subpopulations became differentiated but 
differentiation between adjacent farms was small. A large proportion of 
this variation among farms was probably therefore attributable to genetic 
dri ft. 
Seasonal breeding structure differed among old and young adult flies. 
Young flies remained differentiated throughout the season and on only two 
occasions were allele frequencies homogeneous among farms. In autumn, 
young flies at farms became increasingly differentiated and variation 
between adjacent farms accounted for a large proportion of the total 
variance. 
Seasonal trends in breeding structure among "young" flies were 
similar in 1982 and 1983. In each year, "young" flies at farms became 
differentiated in August when populations were panmictic. In addition, in 
both years a large proportion of the total variation in allele frequencies 
among farms in August and September was accounted for by differences in 
allele frequencies at adjacent farms. This further supports the 
hypothesis that the differentiation resulted from larval adaptation to 
local conditions. Heterogeneity was detected because the frequency of 
migration in the youngest age group was trivial. Allele frequencies in 
young flies, therefore, reflected the habitat in which they matured. 
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SECTION III. POPULATION BIOLOGY AND GENETICS OF WINTER HOUSE FLY 
POPULATIONS 
74 
INTRODUCTION 
House fly populations have been detected during winter indoors in 
heated buildings and livestock facilities (Matthysse, 1945; Somme, 1961; 
Denholm et al., 1985; Black and Krafsur, 1985). The house fly does not 
diapause and cannot survive freezing temperatures. Indoor survival or 
immigration is the only means for population maintenance in temperate 
regions. The influence of indoor house fly colonies on populations in 
subsequent breeding seasons is unknown. Keiding (1976) stated that 
overwintering populations are probably not important in establishing 
spring populations in Denmark. Knipling (1979) proposed that insects 
lacking a true diapause become reestablished annually in the northern 
United States by migrants from the south. 
Recent research suggests that indoor house fly populations are 
instrumental in establishing spring populations. During winter in 
southern England, Denholm et al. (1985) released genetically marked 
strains in swine houses and recovered their descendents outside in spring. 
The marker subsequently spread to nearby populations in summer. Black and 
Krafsur (1986) showed that marked flies released into a dairy barn during 
winter mated, matured eggs and oviposited. All three processes proceeded 
slowly in natural populations and released flies due to low ambient 
temperatures and scarce oviposition resources. Black and Krafsur (1986) 
showed that allozyme frequencies in fall populations were homogeneous with 
those in spring. This result was highly unlikely if populations were 
founded by immigrants from the southern USA. 
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Preceding sections of this dissertation have shown that breeding 
structure is drastically altered as populations become established indoors 
late in fall and colonize outdoor resources in spring. Section three is 
an examination of the population biology and genetics of house fly 
populations in autumn, winter and spring. 
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MATERIALS AND METHODS 
Fly Collections 
Flies were collected on January 23 and April 10 in 1983 from two 
heated farrowing sheds 30 m apart at the swine farm (location B, Section I 
and II). From November 7, 1983 to June 3, 1984 flies were collected on 11 
sampling occasions from the same two farrowing sheds and a third sted at 
the southern pork production farm (location E, Section II). On each 
occasion, adults were swept from vertical surfaces, placed in cages, 
returned alive to the laboratory, frozen and stored at -70° C awaiting 
dissection and electrophoresis. 
Electrophoretic Procedures 
A random sample of ca. 100 flies was taken from each collection. 
They were sexed, age-graded, transferred immediately to grinding buffer, 
homogenized and frozen at -70°C awaiting electrophoresis. Genotypes were 
scored at six loci: A^ (Alcohol dehydrogenase). Amy + (fast) (anodally 
fast migrating Amylase), Amy + (slow). Amy - (fast). Amy - (slow) and ^ 
(Superoxide dismutase). There were 23 alleles distributed among the six 
loci. Electrophoretic assays were made of 2335 flies representing 28 
collections. 
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RESULTS 
Description of Stuc(y Sites 
Air temperatures of ca 20-25°C were maintained with a central heating 
system at all farrowing sheds. Adults were abundant at the Pork farm and 
the brick farrowing shed. Flight and mating behavior were noted during 
each visit to these sheds. Breeding resources (i.e., moist straw, 
spilled, ground corn) were abundant. Spilled corn collected from the 
farrowing sheds and returned to the laboratory usually yielded house 
flies. Pupae and third instar larvae were collected in cracks and 
crevices on the floors. These were reared out to adult house flies in the 
laboratory. 
Adults were relatively scarce at the wooden farrowing shed. 
Temperatures in the wooden shed were permissive but few swine were 
maintained and the amount of breeding resources were less in this shed. 
Much time was required to make fly collections in January and April 1983. 
On only three occasions were there enough flies for collection from 
November to May in 1983. 
Age Structure in Winter 
The age structures of flies in winter were compared with those 
normally found in summer (Tables 1 and 2). In January and April, 1983 the 
proportion of flies in the three age groups were homogeneous between 
sheds. A significantly greater proportion of flies were previtellogenic 
and gravid than found among flies in summer. In the 1983-84 winter, 
proportions previtellogenic and parous were homogeneous among populations. 
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Table 1. Age structure in house fly populations at the swine farrowing 
sheds in the winter, 1983 
Date Previtellogenic Parous Gravid 
Brick Shed 
Jan. 23 
April 10 
2/ 4 
9/19 
O
 
O
 
L
O
 
1/ 2 
7/10 
(50.0%) 
(70.0%) 
14/18 
17/36 
(77.8%) 
(47.2%) 
Total 11/23 (47.8%) 8/12 (66.7%) 31/54 (57.4%) 
White Shed 
Jan. 23 
April 10 
0/ 3 
4/ 7 
(0.0%) 
(57.1%) 
3/ 3 
2/ 3 
(100%) 
(66.7%) 
12/15 
18/25 
(80.0%) 
(72.0%) 
Total 4/10 (40.0%) 5/ 6 (83.3%) 30/40 (75.0%) 
Spatial homogeneity (1 d.f.) 
X2 0.0 0.0 2.4 
Homogeneity with summer age structure (1 d.f.) 
X2 4.8* 0.9 235.7*** 
***• 
P < 0.001. 
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Table 2. Age structure in natural overwintering housefly populations in 
the farrowing sheds in winter, 1983-1984 
Date Previtellogenic Parous Gravid 
Pork 
Nov. 7 9/ 24 (37.5%) 7/ 15 (46.7%) 25/ 57 (43.9%) 
Dec. 3 6/ 25 (24.0%) 11/ 19 (57.9%) 22/ 48 (45.8%) 
Jan. 6 3/ 45 (6.7%) 30/ 42 (71.4%) 15/ 65 (23.1%) 
Jan. 28 8/ 38 (21.1%) 20/ 30 (66.7%) 13/ 56 (23.2%) 
Feb. 18 3/ 42 (7.1%) 19/ 39 (48.7%) 12/ 60 (20.0%) 
March 10 6/ 40 (15.0%) 18/ 34 (52.9%) 9/ 57 (15.8%) 
March 31 1/ 40 (2.5%) 21/ 39 (53.8%) 8/ 49 (16.3%) 
April 21 27/ 50 (54.0%) 6/ 23 (26.1%) 15/ 69 (21.7%) 
April 23 20/ 66 (30.3%) 35/ 46 (76.1%) 12/ 81 (14.8%) 
May 14 9/ 36 (25.0%) 11/ 27 (40.7%) 10/ 56 (17.9%) 
June 3 7/ 32 (21.9%) 23/ 25 (92.0%) 13/ 63 (20.6%) 
Seasonal 99/438 (22.6%) 201/339 (59.3%) 154/661 (23.3%) 
Temporal homogeneity (10 d.f.) 
58.8 40.8 32.1 
Homogeneity with sunrner age structure (1 d.f.) 
x2 3.2 0.1 70.9*** 
Nov. 
Dec. 
•Jan, 
Jan. 
Feb. 
7 
3 
6 
28 
18 
March 10 
March 31 
April 21 
Mc^y 14 
June 3 
SëâsônâT 
7/ 30 
9/ 22 
2/ 19 
7/ 19 
18/ 53 
1/ 44 
5/ 56 
14/ 28 
9/ 27 
10/ 31 
82/329 
(23.3%) 
(40.9%) 
(10.5%) 
(36.8%) 
(34.0%) 
(2.3%) 
(8.9%) 
(50.0%) 
(33.3%) 
(32.3%) 
(24.9%) 
"Swine (brick) 
8/ 23 
4/ 13 
3/ 17 
7/ 12 
20/ 35 
36/ 43 
40/ 51 
4/ 14 
6/ 18 
16/ 21 
144/24/ 
(34.8%) 
(30.8%) 
(17.6%) 
(58.3%) 
(57.1%) 
(83.7%) 
(78.4%) 
(28.6%) 
(33.3%) 
(76.2%) 
(58.3%) 
30/ 70 
12/ 43 
33/ 63 
17/ 35 
10/ 66 
25/ 79 
25/ 85 
12/ 44 
6/ 40 
10/ 54 
18U/5/9 
(42.9%) 
(27.9%) 
(52.4%) 
(48.6%) 
(15.2%) 
(31.6%) 
(29.4%) 
(27.3%) 
(15.0%) 
(18.5%) 
(31.1%) 
55.8 *** 
Temporal homogeneity (9 d.f.) 
45.9*** 
Homogeneity with summer age structure (1 d.f.) 
X2 0.5 0.0 
40.6 icirk 
162.7 *** 
irkie 
P<0.001. 
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Table 2. (continued) 
Date Previtellogenic Parous Gravid 
Nov. 7 
Jan. 6 
April 23 
0/ 13 (0.0%) 
5/ 19 (26.3%) 
0/ 5 (0.0%) 
Swine (wood) 
3/ 13 
9/ 14 
1/ 5 
(23.1%) 
(64.3%) 
(20.0%) 
46/ 62 
16/ 39 
17/ 23 
(74.2%) 
(41.0%) 
(73.9%) 
Seasonal 5/ 37 (13.5%) 13/ 32 (40.6%) 79/124 (63.7%) 
Temporal homogeneity (2 d.f.) 
X2 7.4* 5.9 12.4* 
Homogeneity with summer age structure (1 d.f.) 
X2 2.7 3.4 288.7*** 
Spatial homogeneity (2 d.f.) 
X2 2.8 4.1 74.9*** 
*P< 0.05. 
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But the proportion of gravid flies in the wooden farrowing shed was 
greater (X^ = 41.8, 1 d.f., P < 0.0001) than that in the brick shed which, 
in turn, was greater than that at the pork farm (X^ = 34.8, 1 d.f., P< 
0.0001). All changed significantly over time. Proportions parous and 
previtellogenic were homogeneous with those found in summer populations. 
But proportions gravid were greater. 
Allele Frequencies Between Sexes and Among Age Groups 
Chi-square tests of homogeneity in allele frequencies between sexes 
were performed for each farm and sampling date. In the first winter, none 
of the 16 tests proved significant. In the second winter, 11 of 137 tests 
(8.0%) were significant at the 5% level. This was consistent with 
expectations for a type I error. Significant values were evenly 
distributed among farms, loci, and dates. 
Tests of homogeneity between sexes of the same age were performed to 
remove possible confounding age effects. The proportion of significant 
tests (5/125 = 0.04) was consistent with expectations. No real 
differences in allele frequencies between sexes were detected. 
Allele frequencies in teneral and nulliparous flies were compared 
with those in parous adults in each sample. Tests were not done on data 
from the first winter because of inadequate sample sizes. In the second 
winter, 7 of 139 (5.0%) were statistically significant, and these were 
independently distributed among farms, dates, and loci. In general, 
allele frequencies were homogeneously distributed among sexes and age 
groups. 
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Genotypic Frequencies 
The goodness of fit was tested of observed genotypic frequencies to 
those expected under random mating. In 1982-1983, 1 of 16 tests proved 
significant. In the next winter, 9 of 141 (6.4%) tests were significant. 
In both winters, the proportion of significant tests was consistent with 
the S% expected for a type I error. 
Significant departures from expectation were independently 
distributed among loci and dates. But there was a greater proportion of 
significant values at the wooden farrowing shed (X^ = 8.32, 2 d.f., P = 
0.02). The departures were a result of heterozygote deficiency. 
Inbreeding is a likely explanation for the deficiency. 
Linkage Disequilibrium 
The proportion of statistically significant linkage disequilibrium 
tests were 4/24 (16.6%) in 1982-83 and 24/343 (7.0%) in 1983-84. This was 
consistent with a Type I error rate. Significant values were again 
homogeneously distributed among dates. The proportion of significant 
tests at the wooden farrowing shed (6/45 = 13.3%) was greater than 
expected by chance (X^ = 6.58, 1 d.f., P = 0.01). 
In the first winter, statistically significant linkage disequilibrium 
was noted between the Amy + (fast) and An\y - (fast) loci in 2 of 4 tests. 
In the second winter, additional linkage disequilibrium was noted between 
these loci at a significantly greater rate than expected by random chance 
(X^ = 24.54, 14 d.f., P = 0.04). Significant values were homogeneously 
distributed among other locus pairs. 
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Temporal and Spatial Trends in Allele Frequencies 
Allele frequencies were homogeneous between sheds and did not change 
from January through April, 1983 (Table 3). Gene frequencies in October 
1982 and January 1983 were homogeneous but became significantly different 
between October and April (X^ = 28.6, 8 d.f., P = 0.0004) and between 
April and May (X^ = 34.0, 12 d.f., P = 0.001). Allele frequencies at the 
swine farm changed significantly during winter (October vs. May: 
X^ = 33.6, 9 d.f., P< 0.0001), but allele frequencies averaged over all 
farms in October were homogeneous with average frequencies at farms in 
May. 
Average allele frequencies sampled in the next winter are set forth 
in Table 4. Only means are provided because allele frequencies were 
homogeneous from November through May (Table 5). The exceptions were rare 
alleles which disappeared from samples early in winter. 
Allele frequencies in flies collected outdoors in October (data from 
Section II) were significantly different from later indoor collections in 
November in both farrowing sheds at the swine unit (brick shed: X^ = 49.9, 
14 d.f., P < 0.0001, wooden shed: = 50.3, 14 d.f., P < 0.0001). 
October allele frequencies at the Pork unit were homogeneous with those 
indoors in November. In June, allele frequencies in outdoor flies were 
significantly different from frequencies measured earlier indoors in 
winter (Pork farm: X^ = 40.2, 18 d.f., P = 0.002, Swine fara: X^ = 47.3, 
16 d.f., P = 0.0001). 
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Table 3. Frequencies and standard errors (in parentheses) of the most 
common allele at four enzymatic loci in indoor house fly 
populations at the swine farrowing sheds during the winter of 
1982 
Allele 
Date and Amy + Amy + 
Location Adh 2 (fast) 4 (slow) 2 Amy- 2 
October 10. 1982 
Swine(outdoors) 0.750 0.830 - -
(0.043) (0.038) - -
Population 0.711 0.746 _ 
(0.020) (0.020) -
January 23, 1983 
Swine (brick) 0.806 0.833 0,833 0.829 
(0.047) (0.044) (0.044) (0.045) 
Swine (wood) 0.547 0.750 0.824 0.675 
(0.058) (0.053) (0.046) (0.057) 
Mean 0.729 0.793 0.829 0.754 
(0.038) (0.034) (0.032) (0.037) 
April 10, 1983 
Swine (brick) 0.685 0.780 0.856 0.745 
(0.043) (0.038) (0.032) (0.040) 
Swine (wood) 0.659 0.595 0.817 0.720 
(0.052) (0.051) (0.043) (0.050) 
Mean 0.575 0.745 0.840 0.735 
(0.033) (0.031) (0.026) (0.031) 
Table 4. Mean allele frequencies at each farrowing shed averaged over 
sampling occasions. Numbers of flies sampled are in 
parentheses 
Locus Pork Swine - Winter Swine - Jur 
& allele Winter June (brick) (wood) 
Adh (893) (96) (729) (184) (98) 
1 0.000 0.000 0.000 0.008 0.000 
2 0.523 0.536 0.707 0.698 0.735 
3 0.410 0.417 0.269 0.274 0.219 
4 0.067 0.047 0.024 0.019 0.046 
Amy + (fast) (935) (95) (804) (184) (97) 
1 0.010 0.011 0.012 0.000 0.005 
2 0.024 0.016 0.087 0.016 0.093 
3 0.142 0.158 0.101 0.128 0.088 
4 0.764 0.800 0.739 0.804 0.742 
5 0.047 0.005 0.043 0.046 0.036 
5 0.013 0.011 0.017 0.005 0.036 
Amy + (slow) (843) (95) (719) (175) (95) 
1 0.083 0.042 0.074 0.060 0.021 
2 0.805 0.779 0.873 0.886 0.895 
3 0.103 0.137 0.053 0.054 0.084 
4 0.008 0.042 0.000 0.000 0.000 
Amy - (slow) (709) (95) (378) (149) (76) 
1 0.180 0.200 0.151 0.144 0.099 
2 0.683 0.632 0.702 0.789 0.770 
3 0.135 0.168 0.147 0.067 0.132 
4 0.001 0.000 0.000 0.000 0.000 
Amy - (fast) (862) (99) (753) (166) (96) 
1 0.003 0.000 0,001 0.009 0.000 
2 0.564 0.646 0.500 0.512 0.479 
3 0.217 0.192 0.314 0.265 0.380 
4 0.205 0.157 0.178 0.202 0.104 
5 0.011 0.005 0.007 0.012 0.036 
Sod (859) (100) (816) (194) (100) 
1 0.959 0.950 0.974 0.977 0.960 
2 0.041 0.050 0.026 0.023 0.040 
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Table 5. Chi-square tests of temporal variation in allele frequencies 
from November through May at each swine farrowing shed. Degrees 
of freedom appear in parentheses 
Location 
Swine 
(brick) 
Locus 
& Allele Pork 
Swi ne 
(wood) 
Adh 
1 
2 
3 
4 
(9) 
4.57 
3.46 
10.82 
(8 )  
12.35 
13.62 
11.00 
( 2 )  
2.71 
4.90, 
7.71 
1.03 
All alleles 
d.f. 
14.31 
18 
24.31 
16 
10.77 
6 
Ainy + (fast) 
1 
2 
3 
4 
5 
6 
(9) 
10.12 
6.71 
14.71 
7.94 
9.77 
9.84 
( 8 )  
6.15 
9.16 
7.92 
8.72 
4.03 
8.26 
( 2 )  
0.00 
2.32 
2.51 
1.10 
4.59 
2.56 
All alleles 
d.f. 
50.07 
45 
35.81 
40 
11.61 
8 
Ainy + (slow) 
1 
2 
3 
4 
(9) 
13.34 
11.76 
5.03. 
18.52 
(8 )  
6.53 
5.53 
10.82 
0.00 
( 2 )  
2.43 
1.39 
0.39 
All alleles 
d.f. 
37.39 
27 
16.99 
16 
2.81 
4 
Amy - (slow) 
1 
2 
3 
4 
(8 )  
5.26 
12.43 
8.03 
8.10 
(7) 
1.59 
8.35 
10.30 
0.00 
4.13 
0.19 
5.49 
All alleles 
d.f. 
23.27 
24 
12.62 
14 
8.70 
4 
*P < 0.05. 
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Table 5. (continued) 
Location 
Locus Swine Swine 
& Allele Pork (brick) (wood) 
Amy - (fast) 
2 
3 
4 
5 
(9) 
14.35 
10.59 
14.78 
11.14, 
18.21 
(8) 
13.54 
11.04 
4.79 
7.24, 
16.66 
( 2 )  
4.16 
0.89 
1.83 
2.82 
3.42 
All alleles 
d.f. 
57 .35* 
36 
44.83 
32 
11.53 
8 
Sod ( 8 )  
13.45 
(8 )  
14.70 
( 2 )  
0.85 
All loci 
d.f. 
195.81 
158 
149.25 
126 
46.26 
32 
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Allele frequencies were differentiated among farms in November (Table 
6). The same degree of differentition was noted until samples were 
collected outdoors in June. In June, the degree of differentiation 
increased. 
Table 5. Spatial differentiation of allele frequencies among the three 
farrowing sheds during the winter of 1983-1984 
Date Fpj* 
November 7 0.017 
December 3 0.017 
January 6 0.017 
January 28 0.017 
Febuary 18 0.019 
March 10 0.017 
March 31 0.022 
April 21 0.013 
May 14 0.016 
June 3 0.039 
d.f. Chi-square 
33 87.66** 
15 30.69.** 
30 82.68*** 
15 39.08*** 
15 48.47*** 
16 47.16*** 
15 48.81*** 
31 73.52** 
16 37.35.** 
16 85.85 
* 
is as defined in Section I. 
***P < 0.01. 
P < 0.001. 
89 
DISCUSSION 
The age structure results from this study and those from Black and 
Krafsur (1986) suggest that reproduction is slowed in winter. This is a 
natural result of chronically low temperatures. Spilled corn and moist 
straw were abundant in the farrowing sheds and contained developing 
larvae. But these resources were not usually immediately near heat 
sources and larval developmental times were probably very great. It would 
be difficult to estimate thermal units accumulated by adult flies because 
of the many local sources of heat (animals, central heaters, lights) near 
which flies aggregated. Black and Krafsur (1986) sampled flies from a 
dairy barn where temperatures were 15-18°C from November to April, 
1977-79. They demonstrated that when tman ambient temperatures were close 
to the developmental threshhold (13.3° C, Elvin and Krafsur, 1984) mating 
was postponed and rates of ovarian developnent were greatly reduced. In 
addition, the scarcity of oviposition sites caused yolk resorption and 
postponed ovipositions. 
In the warm farrowing sheds, flight and mating were easily observed. 
But the large proportion of gravid flies suggests postponed ovipositions. 
Ignoring gravids, the age structures of fly populations in farrowing sheds 
were homogeneous with those found in summer. Teneral and previtello^nic 
flies were found throughout winter suggesting that generations overlapped 
continuously. But a mean of three-four generations probably obtained 
between November and April in the farrowing facilities and fewer in the 
dairy barn. 
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No change in gene frequencies was noted during the founding of indoor 
populations in the first winter at the swine farrowing sheds or in the 
second winter in the pork population. During the first winter, allele 
frequencies were homogeneous in the two adjacent farrowing sheds in 
January. As winter progressed, frequencies drifted from the initial 
values in the founding colonies, and by April flies in the adjacent sheds 
had become differentiated. But in the second year at the swine sheds, 
large changes in gene frequencies occurred during the founding of indoor 
populations and flies in the adjacent sheds were differentiated throughout 
winter. The amount of drift which occurred during the establishment of 
indoor populations was probably a function of the size of the founding 
adult population. 
The hypothesis that a few flies founded the indoor population at the 
wooden farrowing shed during the second winter is supported by the abrupt 
change in allele frequencies from October to November. Breeding resources 
were scarce in this shed. Few flies were found throughout the winter. 
These conditions could have caused inbreeding and the observed 
heterozygote deficiencies, A population bottleneck would have created the 
linkage disequilibrium observed in this shed (Ohta 1982), 
In all populations, allele frequencies were stable during winter. No 
genetic adaptation in the indoor environment was detected. The major 
changes in allele frequencies associated with overwintering were 
attributable to drift during the founding of indoor populations in fall 
and founding of outdoor populations in the spring. A major shift in gene 
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frequencies occurred when flies were sampled outdoors in late May or early 
June and spring differentiation was great. 
Clearly, house flies can overwinter in cold climates like Iowa. A 
hypothesis of immigration from the south is not necessary to explain their 
appearance outdoors in early spring. Furthermore, our results do not 
support a hypothesis of immigration. Allele frequencies in the general 
population were unchanged during winter. This result is not surprising 
considering the large number of livestock facilities in Iowa where house 
fly populations can overwinter. 
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GENERAL DISCUSSION 
The results of this investigation suggest a cyclical pattern of 
breeding structure in house flies. In autumn, subpopulations become 
differentiated by genetic drift. Actively reproducing overwintering 
populations become established in heated domestic livestock 
facilities. Founding populations are sufficiently large to prevent 
inbreeding. Allele frequencies are homogeneous during winter and no 
genetic adaptation is detected. Large changes in allele frequencies 
occur during the founding of outdoor populations in spring. 
Populations exponentially increase in June, and differentiation 
among adjacent farms declines rapidly. Flies become detectably 
panmictic in July and remain so until October or November, when they 
again drift apart. The differentiation at farms observed among 
young adults reflects larval adaptation to the different resources. 
This differentiation is dissipated by migration of older, parous 
adults. 
These results have important implications in the general study 
of breeding structure in natural populations. We have observed that 
breeding structure is a dynamic process with a large seasonal 
component of variation. This suggests that estimates of 
heterozygosity may be inaccurate if made at a single time and 
location during a breeding season. Many studies have assumed 
breeding structure to be temporally static (e.g.. Harvester ant, 
Pogonomomyrmex barbatus (Johnson et al., 1969); Mountain Pine 
Beetle, Dendroctonus ponderosae (Stock and Guenther, 1979; Stock and 
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Amman, 1980); Douglas-fir Beetle, Dendroctonus pseudotsugae (Stock 
et al., 1979); the yellow fever mosquito, Aedes aegypti (Wallis et 
al., 1983), Nantucket pine tip moth, Rhyacionia frustrana (Namkoong 
et al., 1982); the face fly, Musca autumnal is (Bryant et al., 
1981)). These studies may have provided inaccurate and incomplete 
pictures of breeding structure by ignoring seasonal components of 
variation. 
In both years, we observed seasonal changes in the frequencies 
of amylase and alcohol dehydrogenase genes. Temporal fluctuations 
in the frequencies of A^ (van Delden, 1982) and Amj^ (Doane, 1980) 
genes are well-documented in Drosophila species. Kinetic 
differences have been reported among allozymes at both loci and 
allele frequencies have been correlated with a variety of 
environmental factors. Among house fly larvae, may be an 
important detoxifying enzyme because they breed in fermenting 
substrates. The house fly may prove to be a valuable species for 
research on the adaptive significance of amylase polymorphisms. 
Only a single amylase locus is known in Drosophila, but six amylase 
loci were identified in the house fly, one of which is very active 
and transcribed only in larvae. Studies on the kinetics of amylase 
allozymes might answer interesting questions raised in the current 
study. Why is there a larval amylase? Why does selection act on 
Amy- and not the other Amj/ loci? The house fly is easily studied in 
the field or laboratory and thus presents many new opportunities for 
population geneticists interested in the evolutionary consequences 
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of breeding structure and the functional significance of enzyme 
polymorphisms. 
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